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The southern United States has been labeled a “sacrifice zone” for the rest of the nation's toxic 
waste. In the early days of the environmental justice movement, researchers found that the south 
contained a disproportionate number of toxic sites, including garbage dumps, landfills, and waste 
incinerators. These initial studies used different data sources and methodologies, but arrived at 
the same conclusion: America was dumping in Dixie, a predominantly poor African American 
region of the country. Since then, researchers have mainly confirmed or called into question the 
existence of environmental racism within the south. However, none have investigated the south’s 
environmental burdening relative to other regions in the U.S. Drawing on county-level U.S. 
census data and the EPA’s Toxic Release Inventory, this study assesses the spatial and social 
distribution of toxic releases across the U.S. from 1987 to 2017. The primary purpose of this 
study is to use a standard measure of environmental risk to determine if the American south is 
(still) the nation’s “sacrifice zone.” Additionally, this study assesses whether patterns of 
environmental racism that were present in the early stages of the environmental justice 
movement are still present today. 
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Environmental justice research focuses on the distribution of toxic hazards, and 
particularly their impacts on socially disadvantaged groups such as low-income communities, 
people of color and women. An environmental injustice occurs when members of such groups 
disproportionately suffer from unequal exposure to hazards such as air pollution, toxic waste or 
contaminated drinking water. Environmental justice campaigns seek to not only remediate these 
harms, but transform institutions of power that perpetuate all forms of inequality. A truly 
environmentally just society must include “the fair treatment and meaningful involvement of all 
people regardless of race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and policies” (EPA 2019).  
The history of environmental justice is deeply rooted in community organizing and 
grassroots mobilization. The movement is grounded in the experiences of everyday people like 
housewife Lois Gibbs who famously helped alert fellow residents of the dangerous chemicals  
buried in their backyards. Gibbs and the other working-class residents of Love Canal, New York 
had no idea that their homes and schools were built on top of a toxic waste site. Many residents 
believed that they were targeted due to their lack of political and economic power. Despite these 
perceived weaknesses, the community managed to fight back. After years of struggle, more than 
900 families were eventually evacuated and cleanup of Love Canal finally began (Gibbs 2002).  
While cases of environmental injustice like Love Canal have existed throughout U.S. 
history, they did not galvanize into a widespread movement until the 1960s. The environmental 
movement was launched into the mainstream during this period, aided by the widespread 
popularity of Rachel Carson’s Silent Spring. Published in 1962, this powerful book notified 
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Americans of the dangers of pesticides and other hazardous chemicals in household items. 
Carson’s critique of the chemical industry’s widespread use of toxic materials sparked outrage 
and awareness amongst the American public. Various “ecological threats” entered the public 
consciousness as communities became more aware of issues such as wilderness protection, water 
contamination and air pollution (Johnson and Frickel 2011).  
Educated white middle class populations successfully mobilized their racial, political and 
economic power to exercise a “Not In My Backyard” (NIMBY) approach to encroaching toxic 
hazards. They also formed environmental groups and organizations dedicated to protecting 
public health (Cable and Benson 1993). While any form of social justice should be celebrated, 
the successes in one community directly impacted the vulnerability of others. This increase in 
environmental consciousness continues to have detrimental impacts on communities without 
comparable privileges; particularly in the form of residential segregation, which reinforces 
patterns of environmental inequality. Non-white communities often face significant obstacles to 
integrating into majority white neighborhoods. White residents therefore have disproportionately 
favorable access to desirable living conditions including environmental privileges such as clean 
air, quiet neighborhoods, drinkable water and plentiful greenspace. Meanwhile, communities of 
color are still seen as the path of least resistance, leading to the disproportionate siting of toxic 
facilities and other locally unwanted land uses (LULUs) in these spaces (Bullard and Wright 
1986).  
The “Black Love Canals” went largely unnoticed by mainstream environmentalists until 
the early 1980s. In 1982, events in Warren County, North Carolina forced the topic of 
environmental racism onto the national agenda. Environmental racism refers to any policy, 
practice, or directive that differentially affects or disadvantages (intentionally or unintentionally) 
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individuals, groups, or communities based on race or color. Civil rights activists, political leaders 
and area residents of this mostly Black rural community joined in protesting the construction of a 
burial site for soil contaminated with highly toxic polychlorinated biphenyls (PCBs). PCBs have 
been demonstrated to cause a variety of adverse health effects, including cancer. The community 
organized and formed the Warren County Citizens Concerned About PCBs. Protestors laid out in 
front of oncoming dump trucks, literally putting their bodies on the line preventing pollution 
from entering their community. Hundreds were arrested in the first incidence of people being 
jailed trying to halt a toxic waste landfill in U.S. history. Though the trucks still rolled into 
Warren County, the event inspired a movement of academic research and community activism 
for environmental justice (Bullard 1990). 
In 1983, the demonstrations in Warren County prompted the U.S. General Accounting 
Office (U.S. GAO) to conduct the first study of environmental justice. The GAO study 
highlighted the strong relationship between the siting of hazardous waste landfills and race of 
surrounding communities. It identified four landfills in southern states: Chemical Waste 
Management (Sumter County, Alabama), SCA Services (Sumter County, South Carolina), 
Industrial Chemical Company (Chester County, South Carolina), and Warren County PCB 
landfill (Warren County, North Carolina). The GAO found that Black American communities 
made up the majority of the population in three of the four sites where the region's four 
hazardous waste landfills were located. Furthermore, at least 26 percent of the population in 
these communities had incomes below the poverty level. 
Early researchers further explored the relationship between race, class and environmental 
inequality in 1987 when the United Church of Christ Commission for Racial Justice sponsored a 
study examining the distribution of hazardous waste treatment, storage, and disposal facilities 
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(TSDFs) around the country. The study compared the racial and socioeconomic status of 
communities containing TSDFs to all of the communities that did not contain TSDFs. The report 
found that race was the most significant factor when determining the location of hazardous waste 
sites. Neighborhoods with at least one commercial TSDF had twice as many people of color on 
average than in areas without a TSDF (Chavis and Lee 1987).  
A report published in 1992 by the Institute for Southern Studies ranked each state on the 
basis of 256 different environmental indicators ranging from air pollution to waste disposal. The 
report, known as the Green Index, found that every state in the deep south ranked near the 
bottom of the list. Furthermore, the region led the nation in overall per-capita exposure to 
industrial toxins in the air and water, and it produced a disproportionate share of the most 
dangerous chemicals, those that were known to cause cancer, birth defects, and nerve damage 
(Schueler 1992).  
Dumping in Dixie (Bullard 1990) solidified the connotation between race and waste in 
the American south. Dr. Robert Bullard conducted in-depth qualitative analysis of grassroots 
mobilization against environmental hazards in five southern Black communities. This pivotal 
work also helped establish the concept of environmental racism in academia. Bullard’s study 
illuminates a pattern of economic and environmental exploitation uniquely oppressing Black 
workers. In the southern “Black belt,” workers are more likely to be unskilled, poorly educated, 
and intimidated by large corporations. Public officials and private industry often exploit their 
lack of political or social capital by deploying a place-in-Blacks- backyard (“PIBBY”) strategy 
(Bullard 1990). LULUs end up concentrated in communities that either refuse to hire Black 
workers or relegate them to the dirtiest, most dangerous jobs. These conditions make poor Black 
southerners ripe for environmental extortion (Cole and Foster 2001). With few other economic 
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opportunities, Black southerners are coerced into working environmentally hazardous jobs that 
threaten their health and the sustainability of their communities (Čapek 1993).  
At the time these works were published, the south was emerging as a focal point of 
environmental justice both on the ground and in the ivory tower. Events such as the Warren 
County PCB protest helped solidify the association in people’s minds between waste, race, and 
place. The American south, and the Black people that lived there, were ultimately deemed part of 
our country’s “sacrifice zone,” or a dump for the nation’s waste (Lerner 2010). There is an 
inherently spatial element to environmental justice activism and research. It has to do with “who 
lives how far from toxic hazards, and why those hazards and communities are located where they 
are. Thus, any analysis of environmental equity or inequity requires selection of a spatial 
methodology that measures as precisely as possible degrees of inequity in exposure among 
different subpopulations” (Sheppard et al. 1999). As more and more people rose up demanding 
cleaner air, drinkable water and protection from toxic hazards, distinct patterns of environmental 
injustice began to emerge in different regions of the United States. The type of environmental 
burdening that Black southerners experience is uniquely shaped by that region’s political, 
economic and ecological history. Similarly, the northeast, midwest, and western regions of the 
United States have their own unique patterns of environmental vulnerability. This study uses 
spatial methodology to quantitatively measure regional patterns of toxic exposure across the 
United States.  
1. Is the south (still) America’s environmental “sacrifice zone”?  
a. If not, what other region(s) have been disproportionately burdened by toxic 
pollution? 
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2. Has the relationship between place, race, socio-economic status and toxic exposure 
changed over time?  
3. Which industries have contributed to the highest rates of pollution? 
Most quantitative environmental justice studies tend to fall into two categories: (1) 
pollution dispersion assessments and (2) site proximity analysis (Mohai and Saha 2007). Site 
proximity analysis is the most popular method of measuring quantitative environmental 
inequality. Site proximity analysis measures the proximity of toxic hazards to vulnerable 
populations. Although most of these studies have found statistically significant racial and 
socioeconomic disparities (Lester, Allen and Hill 2001; Ringquist 2005; Saha and Mohai 2005), 
some researchers have found no race or income disparities associated with the presence of toxic 
hazards and LULUs (Been 1994; Anderton et al. 1994; Hamilton 1993, 1995; Oakes et al. 1996; 
Hurley 1997; Been and Gupta 1997; Davidson and Anderton 2000). Mohai and Saha (2006; 
2015) hypothesize that the variation in the geographic unit researchers used in their analysis 
(blocks vs. zip codes vs. census tracts) is a key source of the variable conclusions in site 
proximity studies. 
Not all of the hazards used in site proximity analysis are active sites of industrial 
production. Dr. Bullard’s (1990) landmark study of the south included both waste repositories 
(landfills in Houston, Texas and Emelle-Sumter County, Alabama; and a commercial hazardous 
waste site in Alsen, Louisiana) and sites of ongoing emissions (lead smelter in West Dallas, 
Texas and the Union Carbide chemical plant in Institute, West Virginia). Waste repositories such 
as landfills and hazardous waste sites are necessary parts of the production process. Industrial 
waste includes any material that is rendered useless during a manufacturing process (Woodard 
2001). All industrial activity is expected to produce some volume of waste. And that waste has to 
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go somewhere. The location and distribution of waste repositories has long been a topic of 
interest for environmental justice scholars (US GAO 1983; Chavis and Lee 1987), however this 
is not the only measure of environmental quality. The field's reliance on site proximity 
assessment has been heavily criticized. Bowen (2002) argued that lack of exposure and risk data 
seriously undermines the quality and usefulness of environmental justice research because it 
prevents researchers from making connections between exposure to environmental hazards and 
specific public health outcomes like asthma and cancer. 
Rather than simply tracking the presence of toxic facilities and hazards, environmental 
scholars have found that measuring the volume of pollutants released within spatial borders is a 
more accurate reflection of environmental quality (Bowen et al. 1995, Kriesel, Centner, and 
Keeler 1996, Arora and Cason 1999). Pollution dispersion assessments collect data about active 
sites of industrial production (functioning waste incinerators, mining sites, manufacturing 
facilities etc). They measure volumes of toxicities in the air, water or land; timing of emissions 
releases; stack heights; wind directions and speeds; and other factors. These data are used to 
estimate the geographic dispersion and deposition of the toxic releases. Researchers then use 
census or survey data to determine the demographic characteristics of affected human 
populations (Glickman, Golding, and Hersh 1995; Chakraborty and Armstrong 1997; Ash and 
Fetter 2004).  
The studies that established that we were dumping in Dixie utilized a variety of different 
data sources and methods (US GAO 1983; Chavis and Lee 1987; Bullard 1990; Schueler 1992). 
Some pollution dispersion assessments and some site proximity analysis. Some facilities were 
active and others had been closed, but still affecting the local population. To address this 
methodological variability, I use a standard measure of environmental risk (the EPA TRI) to 
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determine if the American south is (still) the nation’s sacrifice zone. The EPA TRI has been used 
in several site proximity studies. While it has its limitations (Ch. 3) the EPA’s TRI has been a 
reliable indicator of environmental quality in the US since the EPA started collecting data in 
1987.  
Site proximity analysis of TRI facilities reveals consistent evidence of toxic siting based 
on race and class. Burke (1993) found that the number of TRI facilities is positively associated 
with percent minority and negatively associated with income and population density in Los 
Angeles.  In another study focusing on southern California, Sadd et al. (1999) found that 
industrial land use, employment in manufacturing, and population density are the most important 
factors in predicting the presence of TRI facilities. However, when areas close to TRI-hosting 
tracts and rankings of toxicity were factored in, percent people of color became a significant 
variable, even when the influence of those other variables was accounted for. In a study of Santa 
Clara, California, Szasz and Meuser (2000) found that environmental inequity in TRI facility 
location resulted from forces of economic development as well as differences in education and 
employment among racial groups. At the tract level, however, the relationship of race to 
environmental risk appears to reverse when the influence of the other variables is accounted for. 
For example, Mennis (2002a, b) used multivariate regression to predict distance to TRI facilities 
in the Philadelphia Metro area and the state of Pennsylvania as a whole. He found much stronger 
evidence of environmental inequality in the Philadelphia Metro area compared to the entire state.  
Pollution dispersion studies using TRI data have also presented very compelling 
environmental justice data. Perlin et al. (1995) used bivariate analyses of county-level 
socioeconomic data in finding that TRI releases were positively associated with the presence of 
people of color in the United States. Glickman and Hersh (1995) estimated the risks of chronic 
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exposure to industrial facilities in Allegheny County, Pennsylvania. Using TRI and other data, 
adjusted for toxicity and wind patterns, they find that census block groups with more African 
Americans, poor people, and people over age 65 face higher risks compared to the rest of the 
population. In a study of TRI releases in Des Moines, Iowa, Chakraborty and Armstrong (1997) 
found that plume-based models of dispersion reveal higher exposure of Black Americans and 
low income groups. Estimating the presence, number, and release amount of TRI releases, 
Ringquist (1997) found people of color to experience greater environmental vulnerability even 
when controlling for additional factors such as employment and socio-economic status. Using 
TRI releases adjusted for chronic health effects and distance from pollution sources, Brooks and 
Sethi (1997) found that zip codes with more Black residents are exposed to more toxic 
emissions. The relationship maintained even when the authors controlled for income, education, 
urbanization, housing value, manufacturing employment, and population density. Daniels and 
Friedman (1999) used county-level, socioeconomic data in a multivariate regression model to 
predict pounds of toxic release per square mile. They found that counties with more Black 
residents were associated with higher concentrations of toxic emissions. After adjusting for 
different forms of toxicity and accounting for chemical fate and transport using EPA-reviewed 
models and databases, Bouwes, Hassur, and Shapiro (2001) found that densely populated square-
kilometer neighborhoods with more Blacks, Latinos, Asians, and unemployed residents tend to 
be more polluted than other densely populated neighborhoods.  
The above research on TRI facilities and emissions suggests that, whatever the mediating 
role of class and other socio-economic factors, there is clear racial inequity in the distribution of 
TRI facilities and toxic emissions, both nationally and in select areas throughout the United 
States. “Unfortunately, a universal and recognizable pattern of the interaction of race with other 
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explanatory factors of toxic releases remains elusive. Perhaps the most important conclusion that 
may be drawn from these studies is that the relationships among race, class, employment, and 
land use with regard to environmental risk vary from place to place; that is, there is spatial 
nonstationarity” (Mennis and Jordan 2005). The  spatial nonstationarity of environmental risk 
justifies specific place-based environmental analysis. Each census tract, block group, county and 
city, and region has its own pattern of environmental quality and injustice.  
This study uses the TRI to track pollution dispersion across the United States as a form of 
ecological additions. Drawing on Allan Schnaiberg’s (1980) Treadmill of Production theory, 
ecological additions (toxic waste and other forms of pollution) are among the expected negative 
outcomes of industrial production. As production increases, the treadmill imposes more and 
more ecological additions on the environment. For example, increased production at a lead 
smelter or chemical plant would dispose more waste into the land, air and/or water. The 
surrounding environment would be compromised and perhaps forever altered by these unnatural 
additions to its ecosystem. The TRI includes emissions data on over 650 toxic pollutants, making 
it a reasonable indicator of ecological additions (Long et al. 2018). This study explores patterns 
of industrial pollution dispersion in the United States in 1987, 1997, 2007 and 2017. I measure 
the total emissions (in pounds) that each facility releases into the environment as a measure of 
ecological additions each year.  
This research makes several significant contributions to the social sciences and 
particularly field of environmental sociology. First, industrial waste and pollution can 
significantly impact the natural environment. Alan Schnaiberg’s Treadmill of Production Theory 
(1980) frames industrial waste and pollution as inevitable products of capitalist economies. The 
treadmill of production withdraws natural resources from the environment and adds toxic waste, 
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which can destroy wildlife and permanently alter ecosystems.  These impacts are not limited to 
the natural world. There are a myriad of environmental health hazards associated with human 
exposure to industrial waste and pollution including various birth defects, cancer, asthma, and 
premature death (Brown 2007; Sze 2006). Air pollution around schools has even been found to 
be associated with poorer academic performance (Mohai et al. 2011). Dr. Robert Bullard helped 
popularize the concept of environmental racism, which highlights how Black communities were 
more likely to be exposed to toxic additions and suffer these negative impacts (Bullard 1983; 
Bullard and Wright 1986; Bullard 1990; Bullard 1993).  
This research makes valuable contributions to the field of environmental sociology. The 
field of environmental sociology is lacking a cohesive narrative about the spatial distribution of 
environmental inequalities in the United States. Schnaiberg’s Treadmill model serves as the 
macro level theory undergirding my research. According to the Treadmill of Production model, 
capitalist societies are stuck on a cycle of production, consumption and environmental 
destruction. The Treadmill of Production has its roots in Marxism, highlighting the fact that the 
capitalist framework constantly pressures managers of corporations to produce more profit and 
increase shareholder value. This process perpetuates itself unchecked as increasing the return on 
investment has replaced every other social and environmental goal. Hence the treadmill image of 
society running in place, with only the illusion of going somewhere (Schnaiberg 1980; 
Schnaiberg and Gould 2000; Gould et al. 2015).  
Schnaiberg’s Treadmill model emphasizes that the drive to constantly expand production 
comes at a steep ecological cost. Increasing economic production requires extracting large 
volumes of raw materials, or “withdrawals” from the natural environment. This process also 
necessitates the creation of toxic “additions” in the form of waste and pollution that increase 
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ecological disorganization. This study uses pollution dispersion across the United States as a 
form of ecological additions. Environmental justice is concerned with which groups are more 
exposed to ecological additions like air pollution and contaminated drinking water. 
Environmental sociology’s early focus on toxic siting in the south helped establish the field of 
environmental justice and environmental racism more specifically within academia.  
This study advances the field of environmental sociology toward more nuanced analysis 
of environmental justice and inequality. The use of geographic sociology can provide a synergy 
between ecologically centered macro theory and the application of spatially centered research 
methods. And space is a necessary, but often underappreciated aspect of sociology. Everything 
happens somewhere, which means that all action is embedded in place and may be affected by its 
placement (Porter 2012). Therefore, I apply spatial analysis to environmental justice research. 
I’m concerned with which spaces environmental hazards are found and which communities are 
most likely to feel the worst impacts. More specifically I use spatial mapping; one of the simplest 
and most powerful tools of spatial analysis. The creation of a map allows for the visualization of 
a spatial pattern like toxic emissions in an easy and accessible manner. 
TRI data became available for the first time in 1987, during the early stages of the 
environmental justice movement; and around the time it was established that we were using the 
south as a toxic waste sink. The global economy has changed significantly since then. The forces 
of globalization that initially shifted production away from the northeast and Midwest toward the 
south and west created the conditions for Dumping in Dixie. Now, an increasingly informed and 
environmentally conscious consumer base demands more sustainable forms of production. The 
“dirty” smokestacks of the coal and steel manufacturing era have been replaced by “clean” high-
technology manufacturing of microchips and circuit boards used to fuel the “green economy.”  I 
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explore whether these qualitative industrial changes have affected changes in the quantities of 
toxic emissions throughout the United States. Additionally, I track which regions of the United 
States are disproportionately exposed to industrial waste and which specific firms/industries emit 
the most waste. Lastly, I provide regression analysis of the spatial and demographic patterns of 
TRI emissions to assess whether the racial and socio-economic disparities that were present in 
the early stages of the environmental justice movement are still present today.  
 The subsequent chapters of this thesis begin with a literature review that examines 
existing research on regional patterns of environmental injustice in the U.S. Chapter Three 
describes data acquisition as well as the spatial and quantitative methodology used in the 
analysis; Chapter Four contains the results of such analyses. Finally, Chapter Five includes a 


























Literature Review - Environmental Justice in the United States                                                                                                                                                                                                                                                                                                              
To better understand the relationship between space, race, socio-economic status and 
environmental vulnerability, it is necessary to review the existing literature on the distribution of 
environmental hazards in the United States and the historical context influencing such 
distributions.  
 
Regional Case Studies  
Following the first wave of environmental justice studies (GAO 1983; Bullard and 
Wright 1986; Chavis and Lee 1987; Bullard 1990), many scholars studied disparities in the 
distribution of a number of environmental hazards, firmly establishing patterns of gendered, 
racial and socioeconomic inequality in the environmental justice literature. Quantitative studies 
of environmental justice have been either pollution dispersion assessments or site proximity 
analysis (Mohai and Saha 2007). Site proximity analysis is the more popular of the two methods. 
It involves measuring the proximity of toxic hazards to vulnerable populations such as the poor 
and people of color. This presents valuable information on which populations reside closest to 
toxic hazards. However, it assumes that people living closest to a facility face greater exposure 
than people further away. This assumption neglects the importance of toxicity and magnitude, 
method of pollutant dispersal, and the physical dispersal processes themselves, all of which 
contribute to the potential exposure (Mitchell, Thomas, Cutter 1999). Pollution dispersion 
assessments collect data about active sites of industrial production and the demographics of 
affected populations. This method presents a more accurate reflection of environmental quality 
(Bowen et al. 1995, Kriesel, Centner, and Keeler 1996, Arora and Cason 1999). 
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Most quantitative environmental justice studies focus on an observed case of 
environmental injustice that existed at one point in time, overlooking analysis of when and how 
inequalities came to be (Mohai and Saha 2015). Research that is limited to one particular time 
period cannot answer significant questions such as: How did it happen? Was it intentional, the 
result of conscious decision? Was it, instead, the inevitable (if unintended) consequence of a 
confluence of other processes? (Szasz and Meuser 2000). Acknowledging and resisting 
environmental injustice is important, but limiting in that it does not address the issue of how 
environmental injustices occur. Geographic landscapes are artifacts of past and present racism, 
embodying generations of socio-spatial relations. Social forces can constrain, compel, and 
encourage the movement of certain communities in and out of toxic communities. Historical case 
studies provide a deeper, more nuanced analysis of what environmental justice scholar David 
Pellow terms “environmental inequality formation” (Pellow 2000). Scholars can look beyond 
present-day inequalities to provide context for the forces that produce environmental inequality 
in specific communities.  
Below, I review some of the environmental justice literature including data on pollution 
dispersion and site proximity along the “Rust Belt” (Northeast and Midwest), the South, and the 
Western regions of the United States. Using both qualitative and quantitative methods, 
researchers attempt to understand the spatial and historical processes that create and shape 
environmental inequalities. These studies also expose patterns of environmental inequality that 
are unique to specific neighborhoods, states and regions in the U.S. Like the south, other regions 




Environmental Inequality Along America’s Rust Belt 
 America’s “Rust Belt” region stretches from parts of New York to New Jersey, 
Pennsylvania, Ohio, Indiana, Michigan and Illinois. This study combines case studies in the 
Northeast and Midwestern regions of the U.S., also known as America’s Rust Belt, because there 
is evidence to suggest that the processes by which environmental injustices are created in the 
Northeast are very similar to those in the Midwestern industrial cities. Like the South, many of 
the case studies of environmental inequality in the Rust Belt include racial stratification, 
economic exploitation, and ecological disorganization. However, the Rust Belt region has its 
own distinct history of industrialization, and the racialization of space and labor, which have 
produced unique patterns of environmental injustice.  
Environmental justice scholar Diane Sicotte (2016) suggests that the unique Rust Belt 
pattern of environmental inequality is characterized by the following historical processes: early 
industrialization; the monopolization of industrial areas by white ethnics; limited access of Black 
workers to industrial employment; residential segregation by social class just as acute as 
segregation by race; and later in history deindustrialization and the concentration of new waste 
disposal land uses in formerly industrial areas (50-51). Below, I summarize the existing literature 
on this unique pattern of environmental inequality formation in the Rust Belt drawing on data 
from historical case studies of environmental inequality formation in the Northeast and 
Midwestern United States.  
Also known as the “Industrial Heartland of North America,” the Rust Belt region has 
been exploited for its link to vital transportation routes and natural resources. The mid-Atlantic 
region in particular has an abundance of coal and iron ore reserves which helped fuel the nation’s 
industrial expansion. This favorable geography enabled industries such as coal and steel to thrive 
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as well as many supporting small businesses. Eventually, factories and plants for coal, steel, 
automobiles, automotive parts, and weapons sprung up in industrial cities throughout the area. 
The region’s rivers, canals and waterways were used to transport finished products across the 
nation and around the world. These early land uses set the stage for where industrial, power 
generation, and waste disposal facilities would be located two centuries later. 
Corporations shaped the political, economic and ecological landscape of early industrial 
cities. For example, Gary, Indiana was originally established as a company town by the U.S. 
Steel Corporation. Gary was an attractive industrial site. The Chicago market was nearby, and 
the local rivers and lakes provided necessary transportation, a site for dumping waste, as well as 
water for cooling equipment. These geographic assets drew U.S. Steel Corporation,  head- 
quartered in Pittsburgh and the nation’s largest steel producer, to expand its business westward 
into Gary. The corporation purchased 9,000 acres of lakefront property in northwest Indiana in 
1905 and began building the world’s largest integrated steel mill, Gary Works. The company 
also built Gary Sheet and Tin Mill, the National Tube Company, and the American Bridge Plant 
along the lakefront. U.S. Steel's presence drew other smaller firms to the region; especially 
businesses that needed steel for their operations and preferred to locate near their supplier. The 
region’s plentiful swampland, marshes and lagoons were sacrificed for industrial development 
(Hurley 1995). A rich, biodiverse ecosystem was forever transformed by the forces of capital 
expansion. The land and the people of the region would never be the same. A similar process 
was underway throughout the region as the United States became an increasingly dominant 
player in the global economy; none of which would have been possible without natural and 
ecological advantages.  
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The Delaware River, and to a lesser extent, the Schuylkill River, were also central to the 
Philadelphia region’s economic and social development. These essential waterways served as 
shipping transportation routes for early merchants. Wealthy Philadelphians bought and sold furs, 
grain and other goods to and from other east coast cities and other countries along the Atlantic 
trade route. Those that were not wealthy commercial merchants worked as shipbuilders, rope 
makers, sailors or suppliers to the mercantile trade. Everyone was somehow connected to the 
region's river-bound industrial economy. Between 1920 and 1960, Philadelphia’s industrial base 
transitioned from shipping and trade to manufacturing. The Schuylkill River, which is a smaller 
body of water, provided another natural advantage to the region’s manufacturing industry. The 
city is located on a fault line, causing the Schuylkill streams to flow fast enough to provide 
waterpower to nearby factories. Before electricity, steam engines, or the widespread use of coal 
power, natural waterfalls and rapids were an invaluable source of energy. By the 1830s stone 
water powered textile mills and factories producing chemicals, dye, glass, steel, and locomotives 
sprung up along the river. Factory owners constructed nearby tenements to house workers. 
Constructing a network of canals for shipping was key to facilitating Philadelphia’s industrial 
growth (Sicotte 2016).  
The widespread expansion of manufacturing became a magnet for immigration to Rust 
Belt cities. Many came for the possibility of industrial work. This was especially true in the 19th 
and 20th centuries, when the presence of factory smoke and industrial noise was an indicator of 
economic prosperity. Factory jobs were attractive possibilities at social mobility for new arrivals. 
Living close to a factory was considered a convenience for commuters as opposed to a health 
risk for the surrounding community. As a result, urban populations in Rust Belt cities grew 
substantially during this time. However, employment opportunities were distributed based on 
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race and ethnicity. Rust Belt cities experienced distinct patterns of ethnic churning whereby 
some European immigrants, like the Poles, Italians and Irish, managed to “achieve whiteness.” 
They lacked the privilege of native born whites, but were still preferred over people of color for 
relatively high paying industrial jobs (Sicotte 2016). Non-white workers and families were 
relegated to the bottom of the occupational and residential hierarchy. As a result, each Rust Belt 
city developed its own unique pattern of environmental inequality based on its industrial and 
residential history.  
English, German and Irish immigrants were the first whites to come to the Philadelphia 
region. Many of these new immigrants staffed the early textile mills as skilled mechanics or 
unskilled factory hands. Before the Civil War, only 1% of Philadelphia’s Black population was 
enslaved; 99% were free and in competition with white workers for jobs. The growing post-Civil 
War economy drew Polish, Italian and Russian immigrants to the factories of Port Richmond. 
These new immigrants mostly settled in small row houses near the iron, steel and chemical 
factories around the river. Philadelphia had established itself as an industrial powerhouse. It led 
the nation in the production of textiles, ships, locomotives, and many other commodities (Sicotte 
2016).  
 Although many of the factory jobs were hard, dirty and dangerous, white immigrants 
were preferred over African Americans for industrial employment. The few Blacks that were 
hired in manufacturing did the lowest-paid and most hazardous jobs. Black workers were also 
systematically excluded from the unionized, relatively high-paying jobs that supported industrial 
white communities. At this time, Black residents lived in the slums of South Philadelphia, 
ironically surrounded by the same factories that refused to hire them. When Black workers did 
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manage to secure manufacturing jobs, they often had to commute long distances to work because 
industries tended to locate away from the city’s center (Sicotte 2016). 
Waves of European laborers also flocked to Gary, Indiana to find work in the steel mills. 
After U.S. Steel started operating in 1906, it was not long before the city became a major center 
of steel production. That same year, the corporation supervised the construction of a city to 
house its workers. Paved streets, houses, shops, churches and saloons sprang up along the newly 
diverted Grand Calumet River from the steel mills. The company had no trouble finding people 
to work in its mills. However, just like in Philadelphia, employment opportunities were not 
equally available. Forty years of labor recruitment produced an occupation hierarchy built 
around racial and ethnic divisions. Poles, Slovaks, Serbians, and Croatians chipped steel, poured 
molten metals and changed furnaces white native-born whites supervised them. After World War 
I, mill managers absorbed newly arriving southern Blacks into their workforce as European 
immigration slowed. Mexican workers, transported into Gary by railroad, joined Blacks at the 
bottom of the city’s social and occupational hierarchy (Hurley 1995).  
White Americans continue to have substantial political, economic and social advantages 
over most people of color. However, the overall structure of racism and discrimination can 
produce unique and sometimes unexpected patterns of environmental burdening. For example, it 
was white immigrant groups rather than African Americans that lived closest to Philadelphia’s 
most noxious facilities. Many of these white, non-English speaking immigrants were not 
considered “white,” they were socially, politically and economically beneath from native-born 
white Americans. Although Blacks and immigrant whites suffered intense discrimination at this 
time, a greater number of European immigrants suffered injustices in the workplace, as they and 
their families were in the closest proximity to industrial smoke, foul odors and toxic waste. 
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While a few Black families managed to integrate white neighborhoods, white immigrants tended 
to aggressively enforce color lines to maintain their superiority over Black workers. By the mid-
twentieth century, European immigrants and their descendants had largely “achieved whiteness,” 
successfully integrating themselves into mainstream society. Meanwhile Blacks and other non-
whites still faced the problem of the color line in Philadelphia and throughout wider society 
(Sicotte 2016).  
A similar pattern of racial and ethnic discrimination took place in other Rust Belt cities 
where workers of color were only allowed to work the most demeaning or dangerous jobs. Until 
the early 20th century most Blacks worked as domestics or personal servants. These inherently 
degrading and low-wage jobs provided little hope for social mobility. Black and Mexican men 
were also concentrated in Chicago’s steel mills, stockyards, and railroads, where they invariably 
worked harder, were paid less, and occupied positions that offered little or no hope for social 
mobility. White managers used racist justification to relegate workers of color to the most 
hazardous jobs. For example, Black workers were concentrated in the cancerous coke ovens of 
the steel industry because white managers alleged that they could better endure hot work 
conditions. Paint manufacturers placed Black workers in the lithopone and lead departments (the 
most toxic positions) because they thought they were less susceptible to skin diseases (Pellow 
2004).  
 Gary, Indiana’s steel mills were also a place of racialized environmental injustice. During 
the postwar era, a pattern of occupational segregation emerged within the mills linking 
environmental burdening with income, ethnicity and race. Whites with northern European 
backgrounds worked in management and skilled craft positions that protected them from 
environmental exposure and paid them the highest wages. More recent European immigrants 
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were concentrated in semi-skilled production jobs that paid moderately and involved some 
exposure to toxins, but still provided the possibility of upward mobility (Hurley 1995).  
Blacks and Mexicans in Gary earned the least wages and labored under the worst 
conditions. Relegated to the hottest, filthiest and most menial jobs, Black and brown bodies 
became associated with “dirty” work. Both groups labored almost exclusively in the coke plant 
and blast furnaces disproportionately exposing them to health hazards within the mills. Racist 
stereotypes such as believing Mexicans to be well-suited to the high temperatures justified 
forcing them to work in open-hearth ovens. Blacks primarily worked in the coke plant, the 
dirtiest and most hazardous section of the mills. Each step of the process transforming coal to 
coke generates substantial pollutants. The movement and handling of coal dispersed large 
amounts of dust into the air and lungs of workers. As the coal is baked, suspended carbon 
particles, tarks, hydrocarbons, carbon monoxide, methane, and sulfur dioxide escape from the 
ovens into the air. Coke battery workers faced blasts of thick smoke when they opened oven 
doors to insert or remove materials. Visibility was said to be such a challenge that workers rang 
bells and clanged shovels to communicate. Like Mexican workers, white managers claimed that 
African Americans were best suited for “work where there is much dust, heat etc.” Even the 
Black workers that managed to find jobs in the cleaner mills still had to do the jobs with the 
greatest exposure to oil and grease (Hurley 1995). 
The industry’s Black and Latino workers were not financially compensated for enduring 
such occupational hazards. Steel workers received very low pay overall at this time. Most 
production jobs in the coke plant, sintering plant, blast furnaces and open-hearth ovens paid the 
least. And those that worked the most environmentally hazardous jobs received even lower pay. 
For example, pickle loaders, who worked amid sulfuric acid fumes were near the bottom of the 
 23 
pay scale. These were the only types of jobs that were available to workers of color (Hurley 
1995). It is impossible to separate the impacts of racism and environmental injustice. The two go 
hand in hand. Workers’ vulnerability to environmental hazards in the workplace was directly 
related to racism and discrimination in wider society.  
In contrast to the situation in the workplace, where race and class largely determined 
toxic exposure, the burden of air and water pollution was distributed broadly across the 
population in Gary. Black migrants to Gary initially settled amid the immigrant population on 
Gary’s south side. Persistent housing shortages kept the area racially integrated for several 
decades. As housing gradually became available in other parts of the city, middle class white 
ethnics moved out leaving Black residents behind. Black residents were confined to the Midtown 
area as threats of racial violence and racist housing practices kept them out of white 
neighborhoods (Hurley 1995). 
Although the variability of wind patterns distributed pollutants to all parts of Gary, it was 
mostly white northside communities, particularly those clustered around the mills that were 
extensively burdened by air pollution. During operation, the coke ovens inside the steel mills 
released a deadly combination of carcinogenic gases including lead, cadmium, manganese, 
nickel, beryllium and chromium into the air. Wind blew this toxic dust from the steel mills onto 
the streets, lawns, cars and houses of those who lived nearby. Breathing the polluted air 
contributed to health problems such as tuberculosis, asthma, and emphysema in the local 
population (Hurley 1995).  
Surprisingly, the residents that lived closest to the mills occupied the middle rungs of the 
social ladder. These were a combination of immigrants and native-born whites that worked in 
semi-skilled manufacturing jobs and earned incomes comparable with the city’s average. 
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Through the 1940s, neither class, race, nor ethnicity were reliable predictors of environmental 
burdening in Gary. The Black residents of Midtown and the wealthy residents of Horace Mann 
experienced similar levels of exposure to toxic pollution. Those who enjoyed access to the 
cleanest air were wealthier whites that lived on the suburban fringes of the city (Hurley 1995).  
Residence was not the only social activity that exposed Gary residents to environmental 
hazards. The primacy of downtown Gary to social life offset any environmental inequalities 
resulting from residential inequalities. The concentration of social activity in downtown Gary 
meant that even those that did not reside nearby were exposed to air pollution. Gary’s central 
business district drew thousands of people downtown daily. Broadway, the city’s main 
thoroughfare, was connected to the steel mill. Broadway was lined with major civic, private and 
recreational institutions. The Gary National Bank and the Hotel Gary attracted many local 
businessmen. Lawyers, doctors, dentists, insurance salespersons and realtors worked in nearby 
offices. Gary’s Black residents were the only group of people that rarely ventured downtown. A 
racially segregated consumer culture kept Blacks confined to the Midtown neighborhood for 
most social functions. Ironically, the social isolation imposed on Blacks kept them from 
breathing the city's worst air. The Midtown community was located further south from the mills, 
allowing Black residents to enjoy slightly better air quality (Hurley 1995).  
The steel industry dumped most of its chemical and toxic waste into the Grand Calumet 
River, where it would eventually flow into Lake Michigan. Those most vulnerable to water 
pollution were the residents of western Gary. These neighborhoods contained a diverse mix of 
middle class white industrial workers and poor Mexican immigrants. Highly permeable sandy 
soil increased the likelihood that polluted river water would contaminate household wells. 
Children from the local area played by the riverbank and swam in the polluted water. Like air 
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pollution, water pollution was distributed broadly throughout the population. White communities 
and communities of color were both victims of environmental injustice. Ironically, Gary’s 
history of residential segregation actually protected Blacks from the more polluted downtown 
area; while Mexicans and middle-class whites residents were the most exposed to industrial 
waste (Hurley 1995).   
Some Rust Belt cities are still littered with smokestacks and industrial wastelands that 
characterize low-technology production and manufacturing. Before the Rust Belt earned its 
moniker, places like Chicago, Philadelphia and Gary helped push the bourgeoning United States 
into the global economy. The spatial and geographic features of the region were crucial to its 
development as America’s industrial heartland. The treadmill of production relied heavily on the 
region’s abundance of rivers and waterways to provide vital transportation and access to a global 
consumer market.  
The region’s environmental inequality formation was heavily shaped by both spatial and 
racial elements. Early industrialization, and the rapid population growth that followed it, helped 
create a rich, diverse tapestry in the region. The ethnic and racial hierarchy that emerged 
reflected the history of immigration from Europe as well as migration from the south. In these 
spaces the treadmill of production exacerbated existing racial and ethnic inequalities. The 
process of withdrawing the region’s natural resources depended on a racialized employment 
structure. Native whites were preferred over new immigrants. Black and brown workers were 
consistently relegated to the hottest, dirtiest, most dangerous jobs available. These social 
divisions were reflected in the way the treadmill operated throughout the region; with few 
exceptions, the burden of toxic additions and withdrawals were disproportionately placed on the 
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most marginalized groups. In all cases, the treadmill operated under the control of white, 
primarily male decision makers.  
 
Dumping in Dixie: From Central Appalachia to Cancer Alley  
The southern region of the United States, also known as Dixie or Dixieland, is located 
between the Atlantic Ocean and the western US, with the midwestern US and northeastern US to 
its north and the Gulf of Mexico and Mexico to its south. According to the US Census Bureau, 
the south includes 16 states stretching southwest from southern Appalachia to the deep south (see 
Figure 1). 
Poor Black and white communities in the south have seen their culture and way of life 
decimated by the destructive power of extractive industries. Two of the most studied 
communities in the south are Central Appalachia and what is known as “Cancer Alley.” Central 
Appalachia includes West Virginia, Eastern Kentucky, Southwest Virginia, East Tennessee and 
Western North Carolina. Cancer Alley is an area along the Mississippi River between Baton 
Rouge and New Orleans, in the River Parishes of Louisiana. Though both of these communities 
are located in the South, they have their own distinct environmental histories and relationships 
with corporations. In both areas corporate power intersects with local dynamics around racial 
inequality, social stratification and environmental injustice to exploit the health and safety of 
many poor workers and families in Central Appalachia and Cancer Alley.  Below, I summarize 
the existing literature on this unique pattern of environmental inequality formation in the 
American south. 
Historically, the Appalachian mountains provided Native Americans, escaped African 
slaves and poor whites refuge from the political dominance of the slave owners and landed 
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gentry. Poor Europeans sought freedom from indentured servitude. Blacks and Native Americans 
sought freedom from terrorism and white supremacy. The hills of Kentucky and West Virginia 
protected them all from the exploitation of the dominant culture. Though they had obvious and 
significant racial and cultural differences among them, these groups shared a collective 
resentment of landed power (Schwab 1994). Even though they were not economically linked to 
mainstream society, the communities of Central Appalachia continued to foster a distinctive 
miner-mountaineer culture. “In its traditional aspects, this culture places a value upon rural 
lifestyle, relative isolation, and a  harmony with nature” (Gaventa 1980:129).  
Louisiana is unlike any other state in the Deep South. Located at the tip of the Great 
River, Louisiana is conveniently located near many of the region’s valuable natural resources. 
The oil and gas industry quickly discovered that Louisiana was also rich in petroleum deposits. 
This resource, which drives much of the modern global economy, propelled Louisiana into the 
industrial revolution within a generation. Plastics manufacturers found cheap labor and an 
abundant petrochemical feedstock. By the late 1950s, the giants of the chemical industry had 
established themselves in the area (Schwab 1994).  
Before the state began to industrialize, the Mississippi valley was lined with large sugar 
plantations, one of which would later become Shell Oil. The transformation of that community 
from a slave plantation to an “energy sacrifice zone” reflects the same dynamics of corporate 
power and environmental extortion present in Central Appalachia, however the legacy of racial 
injustice adds a significant and undeniable aspect of oppression. Corporations abused their power 
across the southern US, but Black southerners experienced differential exploitation in the form of 
environmental racism.  
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Enslaved Africans were brutalized into creating and maintaining the South’s rich 
agricultural economy. After the abolition of slavery in the United States, many Blacks stayed in 
the region as sharecroppers and low-skill workers. Diamond was originally a sugar plantation 
that thrived off the slave labor. After the Civil War, the white plantation owners abandoned the 
property, but newly freed Blacks stayed and established a community. Many of the Black 
descendants of the Diamond plantation proudly owned their own property. As a result, the Black 
families in Diamond have strong social and cultural ties to the land (Lerner 2006).  
The area along the Mississippi River from Baton Rouge to New Orleans used to be 
known as the “petrochemical corridor” due to the industry’s lasting presence in the region. The 
area became known as Cancer Alley due to the alarming number of cancer cases that have been 
observed on both sides of the river. Cancer Alley contains hundreds of industrial facilities, 
including oil refineries, chemical-manufacturing facilities, and solid waste dumps (Lerner 2006). 
In 2017 the Centers for Disease Control and Prevention and the National Cancer Institute found 
that Louisiana is the seventh highest ranked state for cancer diagnoses. The state’s death rate is 
also significantly higher than the nation’s average, placing it fourth in the nation for cancer 
deaths (U.S. Cancer Statistics 2017). The high concentration of industrial facilities raises 
warranted concern amongst the predominantly Black and low-income residents in Cancer Alley. 
Despite the large number of industrial facilities, unemployment rates remain high. The 
community of Diamond, Louisiana, a segregated fence line community in St. Charles Parish, is a 
prime example of how environmental racism is tied to the South’s legacy of corporate power, 
racial injustice and economic exploitation.  
In 1954 Shell Oil Corporation started operating an oil refinery and chemical production 
plant right next to Diamond. Black residents were evicted or displaced to make way for industrial 
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expansion. The Black families that remained assumed and hoped that they would eventually be 
absorbed into the workforce. Afterall, the facilities were literally built across the street from the 
community. They were disappointed to find themselves relegated to the lowest tier of the 
employment structure, forced to perform only menial jobs such as janitorial work. It is estimated 
that only about 3% of Diamond’s residents were hired at the plant. Many of the jobs at the Shell 
plant went to white Norco residents instead. “Norco,” short for New Orleans Refining Company, 
is the predominantly white part of St. Charles Parish. Diamond is separated from the rest of 
Norco by a densely wooded buffer and sandwiched between two Shell facilities (Lerner 2006).   
Black residents were forced to bear the brunt of the industry’s environmental costs, but 
never received any of the economic compensation. Living so close to Shell operations made 
Diamond residents disproportionately vulnerable to the facilities’ resulting pollution and 
environmental hazards. Residents particularly lived in constant fear of periodic industrial fires 
and explosions. A few known explosions at nearby facilities have already taken the lives of Shell 
workers and nearby residents. A pipeline explosion in 1973 killed two Diamond residents, and 
another event in 1988 killed seven workers. In 1973, a gas leak at the plant killed two local 
residents, Leroy Jones and Helen Washington. Jones started up a lawnmower that ignited the gas, 
engulfing him and Washington in flames. Vernice Miller-Travis, a resident of Diamond, 
described the Shell/Diamond controversy as “a heinous thing...people are offered a choice 
between jobs and a shorter life” (Lerner 2006). 
Though Diamond residents did not necessarily, “fear” Shell, the political economic 
dominance of corporations over Black life is evident in Cancer Alley. Their homes lost virtually 
all of their equity after years of industrial pollution had ecologically and socially damaged their 
community. Diamond residents wanted to relocate themselves and their families to cleaner 
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neighborhoods, but many did not have the finances without equitable compensation for their 
property. It was not until they took their case all the way up to the United Nations Human Rights 
Commission in Geneva and The Hague that Shell agreed to buyout residents. In the end Shell 
compensated Diamond residents who owned homes and trailers.  Shell did not agree to pay for 
residents health insurance or medical bills. Those wishing to stay were offered a $25,000 home 
improvement loan that was forgivable after five years. Residents complained they were being 
cheated and claimed homes directly outside of Norco were selling for nearly $110,000 (Lerner 
2006; Taylor 2014).  
From slavery to land-loss to sharecropping, land ownership symbolized overcoming a 
history of racial oppression as well as an attempt at middle class life. The chance at ownership 
transformed the social significance of land into a “site of racial autonomy, freedom and 
belonging”. There was an obvious connection between the quality of their land to their history of 
racial struggle. Where it once promised prosperity and the opportunity for self-sufficiency, land 
in Hyde Park became a symbol of disappointment and the dashing of the American Dream.  
In the “Black belt,” workers are more likely to be unskilled, poorly educated, and 
intimidated by large corporations. These conditions make them ripe for exploitation by powerful 
multinational corporations. In areas like Cancer Alley, intimidation works well. Not far removed 
from the terrorism of slavery and Jim Crow, many Black residents were “afraid of the white 
man” and afraid to challenge the large corporations that were polluting their homes and 
communities. Many of these poor families are desperate for employment opportunities and 
therefore hesitant to “bite the hand that feeds them” (Bullard 1990:28). Poor Black southerners 
had little choice but to accept these suboptimal living conditions given their political and 
economic status. There is evidence that Black and white southerners have similar levels of 
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concern about their environmental health. Researchers have not found any significant differences 
between Black and white southern respondents levels of concern or attitudes about 
environmental health. In a 1994 survey of residents in Louisiana’s opinions about the thriving 
petrochemical industry in their backyards, the majority considered toxic waste a serious threat to 
human health. This is despite the fact that Black residents are more likely than whites to live near 
toxic sites in Louisiana (Adeola 1994).  
Land/home ownership and legal rights would also prove to be a long-standing point of 
contention between corporations and the people of Central Appalachia. “The systematic rape of 
the land would not have been possible without the economic victimization of its people” 
(Schwab 1994:290). The acquisition of land was the first step in the process of economic 
development and the establishment of power. Through this process of internal colonialism, the 
coal industry acquired acres of land in Central Appalachia, forever transforming the region 
politically and ecologically. Corporations were able to acquire thousands of acres of land through 
duplicitous legal processes. Broad-form deeds allowed mountain dwellers to keep the surface 
rights to their land while transferring broadly defined rights to the subsurface materials to the 
mining companies. Corporate lawyers acquired the mineral rights beneath the land, which are 
held in separate deeds apart from the small landholders surface rights. As a result, the surface 
owner had no control over the company’s mining activities (Gaventa 1980).  
Many of these early mountaineers were ignorant of the future value of the land. Lacking 
formal education, many of them were illiterate and at a marked disadvantage in negotiating with 
multinational corporations and lawyers. Meanwhile the corporations were fully aware of the 
value of the minerals to the world’s industrial centers. While the majority of mountain residents 
do not benefit from the region’s natural wealth, absentee, corporate land and coal owners do. “In 
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a word, Central Appalachia is a region of poverty amidst riches; a place of glaring inequalities” 
(Gaventa 1980:35). Appalachia, like the rest of the south, is not poor, but its people are.  
Many Central Appalachains ended up “voluntarily” selling their land for as little as fifty 
cents or one dollar an acre (Gaventa 1980:53). “Most of Appalachia either sold or forfeited the 
birthright of its natural resources before ever truly accounting for what was missing. What was 
left was often stolen through the crudest forms of fraud and trickery” (Schwab 1994:287-8). 
Some mountaineers were burned out of their homes if they refused to sell. When residents did 
fight back, oral tradition suggests that “the Company would use deceit or force to ‘otherwise 
acquire the property” (Gaventa 1980:54).  
 In order to build a cheap and docile workforce the coal industry established company 
towns and coal camps throughout the region. Formerly independent communities were 
systematically removed from their land and transformed into a series of company towns as 
extractive industries proceeded to economically colonize the region. The company towns were 
full of company stores with rigged prices located near the only housing available, also owned by 
the corporations (Gaventa 1980). The coal industry needed bodies to mine and transport coal 
from beneath the earth’s surface. Mountaineers were forced to abandon their rural, agricultural 
lifestyle and become wage workers. Miners died by the thousands due to careless workplace 
accidents (Schwab 1994).   
  Forced to work under extremely hazardous conditions, miners attempted to rebel against 
corporate power. Coal miners did not accept these hazardous conditions without a fight. An 
effort to unionize the mines began in the early 1900s and lasted more than 40 years, a source of 
pride amongst many in the region (Bell 2016). Their collective identity is inextricably linked to 
their work experiences in the mines. These communities identify as the “little people” or 
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“working folks” who are aligned against the “bosses” and “rich folks” (Gaventa 1980). Battling 
against a much more powerful oppressor, the workers’ unionization campaign sometimes ended 
in bloodshed (Bell 2016). Challenging the inaccurate stereotypes about passive, fatalistic 
“hillbillies,” mountaineers put consistent pressure on the state and local corporate power to 
address their labor conditions. Organizations such as the Molly Maguires, a secretive Irish labor 
group, inspired terror amongst corporate owners (Schwab 1994).  
The coal industry generally exercised their economic and political power over workers 
through repressive tactics. However not all workers were treated the same way. Coal owners also 
exploited the racial differences within their workforce as a convenient, though not always 
effective, union busting strategy. The coal industry aggressively recruited Blacks and immigrants 
to work in the mines. Workers of color were hired as “scabs” to replace striking white miners 
who were fighting for better work conditions. Black workers were always assigned “the dirtiest, 
hottest, and toughest jobs in the coal camps, particularly the coke ovens, where they often were 
the majority of the workforce.” Though the coal mines were hazardous, dangerous places to 
work, many Black laborers preferred the coal mines to sharecropping (Schwab 312) 
Following the Second World War, the region enjoyed relative prosperity. Densely 
populated booming coal towns sprung up all over the region. However, between 1950 and 1960, 
mines began to close. Some one million people migrated away from the Central Appalachia 
region during the decade. Those that remained had to contend with technological advances that 
were making coal workers even more expendable than they already were. The decline of work 
opportunities caused a massive outmigration of residents from Central Appalachia (Bell 2016). 
Former company towns were decimated. Increasing number of families were living below the 
poverty line. The crippling poverty in the region moved into the forefront of national attention 
 34 
after President Kennedy visited West Virginia in 1960. He appointed a presidential task force 
and a special branch of Appalachian Volunteers to address the War on Poverty taking place in 
the region (Gaventa 1980:127).  
Although some progress has been made, the conditions of under-development persist 
throughout the region. Coal continues to decimate the health and sustainability of Central 
Appalachia. The coal-related environmental injustice in the region includes water contamination, 
air pollution, flooding and poor health experienced by some of the most impoverished 
communities in the US. The region also continues to suffer poor educational outcomes. The 
residents have long struggled against the power of “King Coal” in Central Appalachia. The 
current struggle for “coalfield justice,” largely led by local women, is part of the region’s legacy 
of corporate exploitation and environmental extortion (Bell 2016).  
The scale of environmental and cultural destruction caused by the coal industry cannot be 
overstated. “The loss of jobs and destruction of the land mean the demise of a culture, a way of 
life” (Gaventa 1980:134). For generations Central Appalachia residents enjoyed relative freedom 
and isolation from industry and mainstream society. Their lifestyle was inextricably linked to 
maintaining a healthy and sustainable relationship with the environment around them. The coal 
industry’s callous disregard for the ecological cost that mining and production place in the region 
have destroyed what many generations of mountaineers had once called home.  
Environmental inequality formation in this region reflects the unique features of this 
space including the natural resources and history of human development. The region’s rich 
supply of valuable natural resources such as oil and coal attracted the treadmill of production to 
capitalize on these spatial advantages. In the south both poor whites and Blacks had strong 
connections to the land. The treadmill’s system of withdrawals and additions had a unique 
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impact on these communities. While the Rust Belt region may have been characterized by a 
diversity of new immigrants, the south had a history of longstanding residents with strong ties to 
the land. The treadmill acquired and polluted these spaces that meant so much to the people that 
lived and worked there for generations. In the south, place and space were significant aspects of 
the region’s environmental inequality formation.  
In the southern regions of the United States, the treadmill exploited dynamics of racial 
and social inequality to coerce local populations to live and work amongst environmental 
hazards. In Central Appalachia the coal industry maintains its stranglehold over the region’s 
economic progress while continuing to find more innovative ways to strip the people and land of 
their wealth. In predominantly Black communities, the legacy of slavery still permeates social 
and economic life. Racism intersects with the legacy of corporate power in the region to silence 
and deter many non-white communities from challenging more powerful corporations, whom 
they view as an agent of white supremacy and injustice.  
Both communities were forced to compromise their cultural ties to nature and the local 
environment for the expansion of industrial production. After cheating many residents out of the 
rights to their land, “King Coal” has decimated much of the pristine mountain landscape that 
once stretched across the Appalachian Mountains. The streams and creeks that were used for 
domestic and recreational uses are now polluted. Southern Black communities found a distinct 
pride in owning the land that their ancestors lived and worked on for generations. Gaining even 
the slightest foothold into mainstream society was an incredible accomplishment for many first 
time Black homeowners. Forced to live on the fence line of industrial activity, their precious 
homes and gardens were destroyed by pollution and the occasional explosion from neighboring 
facilities.  
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Space, place and land were key issues for residents in both populations. Though the two 
communities have their own distinct histories, demographics, and geographies, corporations 
exploited the health and safety of poor workers and families in both regions of the south. 
Exploiting local dynamics around racial inequality, social stratification and environmental 
injustice, both the coal and oil industries were able to gain an economic and ecological foothold 
helping to give the South its infamous moniker as the nation’s sacrifice zone.  
 
Wasting the West 
 The western region of the United States extends from Montana, Wyoming, Colorado and 
New Mexico to the Pacific Coast, including Hawaii and Alaska. Historically, the west was 
populated by a diversity of indigenous American populations. Thousands of people flocked to 
the western frontier, drawn by the myth of “unsettled” land and economic opportunity. (Walton 
1991).  From the beginning, the US military-industrial-complex shaped technological and 
environmental development throughout the western region, particularly in Silicon Valley and 
Navajo Nation. Decades of industrial production and environmental exploitation have helped 
create a toxic riskscape, where sites of industrial extraction and production impose disparate 
environmental burdens on vulnerable populations. Environmental injustice in the west follows its 
own unique pattern shaped by the presence of Native American populations as well as substantial 
immigration from Latin America and Asia. Below, I review the existing literature on 
environmental inequality formation in the American west, focusing on Silicon Valley and the 
Navajo Nation, which have exemplified the deeply racial and classist nature of the region’s 
development. 
 Before World War II, the electronics industry was largely concentrated in the Midwest 
and the Northeast. When the Cold War began in the late 1940s the U.S. government made 
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several large grants to firms and universities to create a center of military and defense industry 
research around the transistor and microprocessor. Stanford University was a leader in this field. 
Santa Clara county municipalities provided tax relief and other subsidies for newcomers and 
cleared tracts of land for industrial development. The University leased its land to future industry 
leaders such as Hewlett-Packard, Lockheed Martin and General Electric, creating the Stanford 
Industrial Park. In exchange for prime business location and lucrative federal contracts, firms 
would endow department chairs, provide the University with funding for buildings or equipment, 
laboratories, and sponsor relevant projects. Rather than emerging as a product of mere “brain 
power,” these stakeholders collaborated to transform Santa Clara Valley into Silicon Valley 
(Pellow and Park 2002).  
 While many other industries have shifted production to cheaper locations abroad, Silicon 
Valley has maintained its position as a global leader in high-technology (hereafter referred to as 
“high-tech”) manufacturing. The manufacture of high-tech electronics includes the production of 
semiconductors, microchips, disk drives, circuit boards, consumer electronics, communications 
devices, and video display equipment. It is a globally competitive industry that also relies on 
those industries that produce the materials and chemicals that supply electronics firms and 
companies that treat, recycle, and dispose of hazardous waste generated in the electronics 
production process (Pellow and Park 2002). 
 Silicon Valley, and the electronics industry more generally, is often associated with 
extravagant wealth and luxury. Unfortunately, the vast majority of the profit generated by this 
industry is siphoned up toward elite owners and consumers. Hundreds of thousands of 
production workers are struggling to survive in the midst of the region’s high-tech revolution. 
Between 1991 and 1996 the annual income ratio of the top 100 Silicon Valley executives to the 
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average production worker increased from 42:1 to 220:1. The income inequality between high 
and low-wage workers is only getting worse, compounded by the high cost of living in the area  
(Pellow and Park 2002). 
 The year 2000 was the first time since indigenous peoples occupied that land that the 
majority of the population in Silicon Valley was people of color; 49% were white, 24% were 
Latino, 24% were Asian, and 4% were Black. Despite the region’s rich diversity, wage- 
inequality persisted across gender, race, and class lines, at rates greater than the general U.S. 
population. Women and people of color hold very few professional or managerial jobs. Instead, 
they tend to concentrate in lower-paid, higher-risk positions as craft workers, operatives, and 
laborers. There is also evidence of ethnic and class stratification among the Asian populations. 
Skilled Chinese immigrants get elevated into higher-paid positions, while Vietnamese workers 
occupy the lowest-paid positions, which are often the most dangerous and hazardous to workers’ 
health (Pellow and Park 2002).  
 An estimated 70-80% of Silicon Valley’s production workforce are immigrants, women, 
and people of color. Most emigrated to the U.S. in search of economic opportunities. What they 
found was an exploitative industry that would disproportionately siphon them into the most 
hazardous high-tech jobs. Much of the ethnic and gender segregation in the industry is a direct 
result of selective recruiting on the part of managers. High-tech personnel managers draw on 
societal stereotypes about “passive Asians,” “desperate Latinos,” and “militant Blacks” to inform 
their hiring practices. Employers’ preferences directly impact Black women who are often 
overlooked in favor of immigrant women, particularly Asians. They consciously seek workers 
that are “small, foreign, and female.” Female workers with “nimble fingers” are alleged to be 
more dexterous and skilled than men at performing the intricate hand work required to 
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manufacture and disassemble electronics. As a result, both Asian and Latina women are 
disproportionately concentrated in low-wage and/or high-hazard occupations in Silicon Valley 
(Pellow and Park 2002). 
Asians have slowly overtaken Latinos as the region’s largest immigrant/ethnic group. The 
1965 Immigration Act was responsible for much of the new Asian and Latino immigration into 
the U.S. The electronics industry played a pivotal role in advocating for further liberalization of 
the state’s immigration policies. Foreign “professionals” and “skilled workers” were recruited to 
work in the region, but often could only find high-tech jobs at low wages. The massive influx of 
immigrants and people of color to the Valley since 1965 provided the electronics industry with a 
large supply of cheap, exploitable labor (Pellow and Park 2002). Workers in this industry are 
vulnerable given their citizenship status and lack of economic stability. Many are desperate for 
employment and do not ask many questions, even when asked to work under hazardous 
conditions.  
The electronics industry is highly toxic. Producing the fastest, most efficient technology 
often requires the use of highly toxic chemicals. Unfortunately, the greater the power and speed 
of electronic devices, the greater the toxicity. Industry leaders utilize lots of chemicals and 
substances with questionable (or unreported) health impacts. Production workers handle these 
dangerous materials on a regular basis. Female workers at semiconductor chip plants often 
handle toxic materials with little or no protection. Inadequate safety training and a lack of 
regulation of the workplace leave them disproportionately exposed to toxic chemicals. Some 
workers wear “finger cots” or latex gloves as protection for layering between their skin and the 
chips. However, the material can disintegrate from contact with chemicals such as methylene 
chloride. Workers often find it easier to simply handle the parts with their bare hands. These 
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women’s exposure to toxic chemicals in the workplace has had long-term effects on their 
personal and reproductive health. Many workers have been diagnosed with various forms of 
cancer. Miscarriages and birth defects are an all too common occurrence amongst this workforce 
(Pellow and Park 2002).  
 Residential segregation throughout the region exacerbates occupational stratification and 
workplace inequalities. Wealthy educated white residents cluster in the Palo Alto area and the 
foothills. Less privileged residents, primarily low-income people of color and women, live in the 
“flatlands” of East Palo Alto, Mountain View, and San Jose. Many workers receive a “double 
dose” of toxins, after being exposed at work, they come home and drink water and breathe air in 
toxic communities. For example, in the 1980s residents in the Los Paseos neighborhood of South 
San Jose discovered that toxic waste from the Fairchild Semiconductor Corporation had been 
leaking into the local environment. Thousands of gallons of the deadly chemical trichloroethane 
(TCA), a solvent used to remove grease from microchips and printed circuit boards, had been 
leaking from an underground storage tank for at least a year and a half. Eerily reminiscent of the 
Love Canal disaster, local residents began to notice a disturbing increase in the number of 
cancers, miscarriages, birth defects, infant heart problems, and fatalities in their neighborhood. 
Fairchild was the culprit. Citizens formed an environmental justice organization, the Silicon 
Valley Toxics Coalition, in response to the spill. In 1983 Fairchild finally closed the facility in 
South San Jose and has spent more than $40 million on the cleanup. However, the environmental 
health impacts on the South San Jose community will be felt for a very long time (Pellow and 
Park 2002). 
Despite the electronics industry’s efforts to attract only white, affluent residents and 
workers, most of the people working inside Silicon Valley’s electronics firms are women, 
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immigrants, and people of color. Many of these workers already live in toxic neighborhoods like 
South San Jose. Their exposure to environmental hazards is compounded as they are forced to 
work jobs that are more toxic than those found in any other basic industry. The industry goes out 
of its way to promote a “clean” image in juxtaposition to the “dirty smokestacks” that 
characterized the Rust Belt region of the U.S. However, the high-tech electronics industry, aided 
by the military- industrial- complex is just as environmentally unjust and perhaps just as dirty. 
Incidents such as the Fairchild toxic spill challenge the high-tech industry’s claims of 
environmental sustainability. Pulling back the “Silicon Curtain,” we see patterns of 
environmental extortion and environmental racism that exist across all industries in the U.S. 
(Pellow and Park 2002).  
The history of nuclear development in this region began in the early 1940s with the 
mining of uranium ore largely on Navajo, Hopi, Pueblo, and Ute land in the Navajoan desert. 
The first testing of the atomic bomb occurred in 1945 at Alamogordo (now White Sands), New 
Mexico near the Mescalero Apache reservation. In the 1950s, ancestral lands of the Western 
Shoshone and Southern Paiute were seized by the federal government, in violation of the 1863 
Treaty of Ruby Valley, to create the nation’s testing field for nuclear weapons, what is known as 
the Nevada Test Site. Between 1951 and 1963 the U.S. government detonated more than 120 
atomic bombs into the atmosphere over the Nevada Test Site. More nuclear bombs have been 
detonated in this area than on any other single, similar size region on the globe (Kuletz 1998).  
 The Cold War and the desire for “national competitiveness” fueled the nation’s quest for 
nuclear power and weaponry. Also, the postwar twentieth century narrative equated nuclear 
technology with unlimited clean energy. The familiar triad of the military, science, and 
corporations united to promote nuclearism as a form of freedom and progress that would help 
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propel the nation toward a more competitive future. The previously disregarded southwestern 
region became a target for military-industrial development (Kuletz 1998).  
At this time, the area was virtually unknown to the American public. Ironically, many of 
the characteristics that had protected indigenous tribes from systematic colonization made them 
attractive for nuclear testing; they were remote, peripheral, and marginal to the mainstream. 
Prospectors were looking for remote locations to hide the fact that they were testing the single 
most dangerous human weapon invented up to that time. State and military officials wanted a 
space with minimal distraction and little chance of discovery or subversion. By some inverted 
logic, the Southwest was viewed by the military-industrial complex as desirable because of its 
alleged undesirability. Various branches of the government had long used the area for non-
nuclear weapons development. Millions of acres of land were expropriated to create “military 
reservations” throughout the region. They exploited the low visibility and lack of political power 
of the semi-sovereign Native American nations to bypass environmental regulations and 
occupational safety standards, and ultimately deny their responsibility to the miners and their 
families of the deadly hazards of uranium mining (Kuletz 1998). 
The common Euroamerican perspective considers the desert lands of the West to be 
barren wastelands or badlands. However, all of that changed after the onset of the Cold War. As 
much as 90% of the nation’s uranium mining and milling has taken place on or immediately 
adjacent to Indian land since the mineral became a profitable commodity in the early 1950s. In 
1941 the U.S. Bureau of Indian Affairs discovered uranium at Monument Valley and the Carrizo 
Mountains of the Navajo reservation in Arizona. Scientists used the material to create the three 
original atomic bombs, the first of which was exploded in 1945 at New Mexico’s Alamogordo 
Bombing and Gunnery Range (now White Sands Missile Range). More than 13 million tons of 
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uranium were extracted between 1946 and 1968 on the Navajo Reservation alone; all of which 
was used for nuclear reactors and to create nuclear weapons (Kuletz 1998). The wasteland 
designation supports the region’s use as a large-scale nuclear waste dump and testing range in 
the minds of policymakers, military officials and industry leaders. On the contrary, Native people 
experience these “deserts as places of origin and emergence, as holy places and sacred 
geographies'' (Kuletz 14:1998).  
Ironically, American Indian reservations contain some of the most resource-rich terrain in 
the U.S. One-quarter of the nation’s oil and natural gas, one-third of its low-sulfur coal, and 
substantial amounts of gold, silver, copper, bauxite, and other minerals are all located on Native 
land. However, uranium is probably Native American’s greatest mineral wealth (Kuletz 1998).  
About half of the recoverable uranium within the U.S. is located in New Mexico-and about half 
of that is on the Navajo Reservation (Johansen and Grinde 1995). If all of the uranium reserves 
on reservation land were added to those estimated on land guaranteed to Indian nations by treaty, 
their share of uranium reserves within the U.S rises to nearly 60%; the Council of Energy 
Resource Tribes places the figure at 75-80% (Johansen and Grinde 1995).  
Millions of acres of land have been stolen from Native Americans for weapons testing 
and development in the postwar years, significantly impacting the physical and mental health of 
countless people. The Navajo Nation, Laguna Pueblo and Acoma Pueblo were some of the most 
disproportionately impacted communities in the region. The mining boom provided only 
marginal financial support for the struggling local economies. The industry permanently 
transformed pastoral indigenous communities existing on sustainable agriculture and subsistence 
farming into a mining-dependent population (Kuletz 1998).  
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Like the coal miners in Central Appalachia, Native people were kept ignorant of the 
capitalist value of their land. They were not given the right to stipulate conditions for 
development and reclamation for decades. Unregulated industrial production was excused on the 
grounds of “national security” and in the 1970s on the basis of the global energy crisis and the 
ongoing arms escalation in the 1980s. Native populations were exploited as a cheap source of 
labor. For example, Indian miners were paid at a rate two-thirds that of off-reservation 
employees. American Indians have also never been properly compensated for the uranium 
extracted from their lands. As of 1984, they were said to have received an average of 3.4% of the 
market value of the uranium taken from their lands (Kuletz 1998).  
Workers were often sent into the mines just minutes after the company had dynamited a 
new section, while the air was still thick with radioactive dust. Although respirators were 
available to workers in some other mines, Navajo miners did not enjoy the privilege of such 
occupational safety. “They loaded radioactive ore into wheelbarrows and emerged from the 
mines spitting black mucus from the dust and coughing so hard it gave many of them headaches” 
(Johansen and Grinde 1995:208). Never being educated on the dangers of exposure to the 
radioactive dust, miners ate their lunch in it, and often lacking showers, wore their work clothes 
home, exposing their families and loved ones (Schwab 1994).  
The U.S. government had been aware of the dangers of uranium mining for decades. As 
early as 1949, officials were notified about extensive studies on miners in Germany and 
Czechoslovakia that had died from lung cancer induced by exposure to radon in the course of 
extracting pitchblende, the most common form of uranium ore. In 1952, a U.S. Public Health 
Service report noted that European researchers found that 50 to 70% of all workers in those 
mines had died of some form of respiratory cancer. It was not until 1969, with the advent of the 
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federal Mine Safety and Health Administration, did Navajo workers finally begin to have access 
to protective equipment and workplace ventilation (Schwab 1994). Officials for the U.S. Public 
Health Service have estimated that such practices exposed the Navajo miners to between 100 and 
1,000 times the limit considered safe for exposure to radon gas (Johansen and Grinde 1995). 
This form of exploitation was especially egregious given that many of the miners were 
veterans of World War II with few other employment opportunities. “They thought they were 
doing a favor for their country.” Some were members of the famous Navajo Code Talkers units 
in the U.S. Marines. Using their native language to communicate with one another, theirs was the 
only code the Japanese never broke during the war. One officer even credited them with 
American success in taking Iwo Jima (Schwab 1994:323). 
Uranium mining also has significant impacts on the local environment. The mining 
process requires large amounts of water. Tons of toxic uranium tailings are produced as a 
byproduct, polluting the land, air and water. On windy days, the dust would blow from the 
tailings into local communities, polluting the air and settling on the vegetation, livestock, and 
water supplies. The U.S. Atomic Energy Commission assured worried locals that the dust was 
harmless (Johansen and Grinde 1995). 
The health risks associated with uranium mining and milling are extensive and 
devastating. Radioactive particulates (dust particles containing uranium 238, radium 226, and 
thorium 230) travel across the desert winds infiltrating both surface and groundwater. The dust 
irritates cells in the lining of humans’ respiratory tract, causing cancer. Radioactive materials can 
also damage reproductive health, causing birth defects such as cleft palate and Down’s 
syndrome. Studies conducted by the Navajo Health Authority and by the March of Dimes 
suggest that Navajo children may have a five times’ greater rate of bone cancer and a fifteen 
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times greater rate of ovarian and testicular cancer than the U.S. average. However, no funding 
was granted for extensive epidemiological studies of the impact on Navajo health despite these 
preliminary findings (Kuletz 1998). In February 1968, a U.S. Department of Energy released a 
Nuclear Waste Management Task Force report indicating that people living near the tailings in 
Navajo Nation were twice as likely to get lung cancer compared to the general population. The 
Navajo Times reported results of a Public Health Service study revealing that one in six uranium 
miners had died, or would die prematurely, of lung cancer (Johansen and Grinde 1995). 
 Environmental racism and settler colonialism have been at the center of the United 
States’ nuclear weapons program. Like the residents of the south, Native Americans in the west 
have uniquely spiritual and cultural ties to the land. The significance of this space for native 
people is a key element of the treadmill’s activities there. This region of the country has been 
deemed a “landscape of national sacrifice, an expendable landscape, over what many North 
American Indians understand as a geography of the sacred, a geography where spiritual and 
cultural life are woven directly into the landscape itself” (Kuletz 1998:13). Today, the Navajo 
Nation continues to organize and pressure the U.S. government to take responsibility for decades 
of environmental racism and exploitation. Their unique experience with environmental injustice 
dates back centuries.   
The federal government plays a key role in encouraging the exploitation of both 
environments and populations. The state attempts to stockpile weapons in preparation for both 
nuclear and digital warfare. However, political and economic elites dive head first into these 
endeavors with little regard for human or environmental health. Politicians and industry leaders 
tout the region’s economic gains without much reference to social inequality or the environment. 
The lack of information on the environmental impacts of high-tech manufacturing are a result of 
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the entrenched research agenda of capitalist organizations. States, private capital and universities 
all have a vested interest in advancing “production science” over “impact science.” Production 
science focuses on the commercial benefits of high-tech innovation and ultimately “leads to 
increases in the production, distribution, and consumption of profit-enhancing goods and 
services” (Gould 2015:145).  
 The funding structures, priorities and institutional goals of the high-tech industry 
actually undermine its potential utility to pursue more sustainable goals. Scientific research on 
the environmental and human health impacts of high-tech production processes, products, and 
externalities has been dwarfed by production science. Production science is ultimately more 
favorable to states and industry leaders as it leads to increases in the production, distribution and 
consumption of profitable goods and services. Meanwhile, workers and consumers are largely 
unaware of the impacts of exposure to potentially hazardous materials. While production science 
accelerates the treadmill of production, impact science threatens to slow it down (Gould 2015).  
In the high tech industry, the desire to find the smallest, fastest and most powerful 
products often leads to increased use of toxic chemicals and materials. Unfortunately, adequate 
toxicological assessments of these chemicals almost never precedes their introduction into the 
manufacturing setting (Pellow and Park 2002). Workers and consumers come into contact with 
these products often unaware of their potential toxicity. Impact science strives to protect 
workers, consumers and the environment by enhancing “our understanding of the environmental 
and human health impacts of production processes, products, and externalities” (Gould 2015, 
145).  
The escalation of uranium mining in the western United States during the Cold War was 
motivated by the need for atomic weaponry. The United States military called on the people of 
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Navajo Nation to sacrifice their land and their bodies for the military industrial complex. From 
the 1940s to the 1980s the mining operations conducted throughout the western U.S. resulted in 
extensive damage to the local environmental and human health, particularly Native American 
mining communities that were transformed into extraction zones for the nation’s treadmill of 
destruction. Once operations ceased in the 1980s, the government largely abandoned the uranium 
mines and the people that worked in them. Since then, many former mining towns have struggled 
to survive in the midst of widespread unemployment, an epidemic of violence against indigenous 
women, large scale disinvestment by the federal government, and a growing health crisis.  
Thousands of abandoned uranium mine sites that exist in the western United States. The 
EPA is currently considering how best to address the issue of abandoned mine sites in 
collaboration with states and tribes, under authority of the federal Superfund law or under state 
laws regulating hard rock mining. Navajo Nation contains about 1,100 abandoned uranium mine 
waste sites. These sites have long been overlooked as subjects of environmental racism for a 
number of reasons including low population densities and the remoteness of the waste sites 
themselves. An example of such an environmental justice community is the Blue Gap/Tachee 
Chapter of the central Navajo Nation in northeastern Arizona. More than a dozen mining sites 
operated there in the 1950s, but were abandoned when operations ceased in the late 1960s. 
Researchers found elevated concentrations of uranium and co-occurring metals at the Claim 28 
abandoned uranium mine waste. Serious health consequences for the neighboring Blue 
Gap/Tachee community. The toxic metals at the abandoned mine wastes could potentially be 
released into the environment through runoff and human exposure pathways which include 
consumption of livestock currently ingesting water in the area. Contact with these toxic 
chemicals will almost certainly have negative impacts on surrounding humans and other species. 
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Uranium in particular has long been recognized as a kidney toxicant, but also has been linked to 
adverse developmental outcomes in animals (Blake et al. 2015). Recent studies of environmental 
health in Navajo communities have linked exposures to mine wastes with an increased likelihood 
of developing one or more chronic diseases including hypertension, kidney disease, and diabetes 
(Hund et al. 2015).  
The health impacts of toxic exposure is not limited to the physical body. Grinde and 
Johansen (1995) found that chemical dumping and subsequent soil and water contamination has 
affected the traditional hunting, fishing, and agricultural ways of life of the Akwesasne Mohawks 
in both Canada and the U.S. Researchers have Dawson found evidence of significant, long-
standing psychological impacts on the Navajo community including: (a) traumatic bereavement 
among victims of uranium disasters and their survivors, (b) the destruction of Navajo lifestyles, 
traditions, and cultural practices that are inherently tied to nature, (c) feelings of betrayal by 
government and mining and milling companies, (d) fears about current and future health effects, 
(e) prolonged psychological effects as the Navajo continue to live the consequences of toxic 
contamination and marginalization, (f) anxiety and depression, and (g) exacerbating systemic 
poverty and racism (Dawson 1992; Markstrom and Charley 2003). 
Researchers have found that most of the elevated levels of lung cancer among Navajo 
miners may only be attributable to their hazardous occupation (Samet et al. 1984; Gottlieb and 
Husen 1983; Gilliand 2000). Decades after they stop working, this largely non-smoking rural 
population still faces excess mortality risks from lung cancer, pneumoconiosis, and other 
respiratory diseases (Roscoe et al. 1995). Other researchers have found weak associations 
between adverse pregnancy outcome and exposure to radiation among Navajo children (Shields 
et al. 1992).  
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The west’s spatial and geographic advantages (an exploitable workforce, rich uranium 
deposits) make it a valuable economic and political asset. In both cases, the treadmill of 
production exploited existing inequalities in citizenship status. As either Native Americans or 
immigrants, both groups were exploited due to their citizenship status, or lack thereof. The 
acquisition and exploitation of Navajo land and people is directly related to the U.S. 
government’s disregard for both their land rights and human rights. Immigrants, and particularly 
immigrant women, are exploited by the high-tech industry. They do not enjoy the same 
occupational health and safety rights afforded to high-wage workers.  
As a treadmill institution, the state works to increase capital for the wealthiest 
shareholders. The defense industry and U.S. military may benefit from these rapid expansions, 
but the real cost is paid by workers like the Navajo miners and immigrant women of Silicon 
Valley. They are the ones risking their lives to acquire and construct the materials needed to 
maintain U.S. global competitiveness. These processes have nationalist justifications, but the 
economic advantages still flow to capitalists white environmental burdens are hoisted onto 
people of color. As sites of production (Silicon Valley) and extraction (Navajo Nation), these 
spaces serve as national sacrifice zones, but not just for waste or energy, but for global 
competitiveness.  
 The history of environmental inequality formation in the west also reflects the treadmill 
of production’s reliance on technology as a driver of economic development. The prospects of 
nuclear power and high-tech are promising alternatives as the nation shifts away from low-tech 
manufacturing and dirty mining. The towering smokestacks that characterized the height of 
industrial expansion in the northeast and Midwest are LULUs. Consumers want access to 
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“green” technologies that reduce environmental impact. High-tech research and manufacturing 
promises to fulfill these needs by providing communities with green jobs and products.  
These case studies demonstrate how race, class and place factor into environmental 
inequality formation. In each region the treadmill took advantage of the natural resources and 
exploited social divisions. From the waterways of the Rust Belt to the rich uranium deposits in 
the west, the treadmill sets up production in places with significant spatial and geographic 
advantages. These advantages are used to expand the wealth of a mostly white capitalist class. 
Meanwhile, the treadmill expands based on a racialized division of labor system of oppression 
that made Black steelworkers, Navajo miners and Vietnamese electronics producers all uniquely 
vulnerable to environmental burdening based on the social and environmental features of each 
space. Whites still control most production decisions and remain largely insulated from 























Data & Methods 
This study uses spatial analysis to assess the south’s environmental burdening relative to 
other regions of the U.S. Below, I briefly review the literature that supports my rationale for 
using the TRI to track pollution dispersion across the United States as a form of ecological 
additions. Then, I discuss the methods used to search for patterns of environmental injustice in 
the forms of race and socio-economic status. Data for this study were obtained from the 
Environmental Protection Agency’s Toxic Release Inventory (TRI) and the U.S. Census Bureau 
(U.S. Census Bureau 1990; 2000; 2010; 2016). QGIS and GeoDa were used for spatial and 
statistical analyses.  
 
The Treadmill of Production  
According to the Treadmill of Production model, capitalist societies are stuck on a cycle 
of production, consumption and environmental destruction. Allan Schnaiberg’s (1980) Treadmill 
of Production has its roots in Marxism, highlighting the fact that the capitalist framework 
constantly pressures managers of corporations to produce more profit and increase shareholder 
value. This process perpetuates itself unchecked as increasing the return on investment has 
replaced every other social and environmental goal. Hence the treadmill image of society 
running in place, with only the illusion of going somewhere.  
Schnaiberg’s treadmill of production model emphasizes that the drive to constantly 
expand production comes at a steep ecological cost. Increasing economic production requires 
extracting large volumes of raw materials, or “withdrawals” from the natural environment. This 
process also necessitates the creation of toxic “additions” in the form of waste and pollution that 
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increase ecological disorganization. In terms of the treadmill model, capitalism is in enduring 
conflict with the environment. In fact, treadmill scholars believe that true sustainability is only 
possible through the regulation or eradication of capitalist institutions. Slowing the treadmill is 
possible, but those policies and procedures counter the profit-seeking motive of the modern 
capitalist state and its treadmill institutions (Gould, Pellow and Schnaiberg 2015).  
 
Pollution Dispersion Assessment  
This study uses the TRI to track pollution dispersion across the United States as a form of 
ecological additions. I chose to focus on pollution dispersion rather than site proximity analysis 
due to its more accurate methodology. Pollution dispersion assessments allow scholars to 
measure the volume of pollutants released within spatial borders, which is a more accurate 
reflection of environmental quality. Pollution dispersion assessments collect data about active 
sites of industrial production (functioning waste incinerators, mining sites, manufacturing 
facilities etc). Several researchers have used pollution dispersion assessment in their analysis of 
environmental inequality (Bowen et al. 1995; Kriesel, Centner, and Keeler 1996; Arora and 
Cason 1999; (Glickman, Golding, and Hersh 1995; Chakraborty and Armstrong 1997; Ash and 
Fetter 2004). These studies measure volumes of toxicities in the air, water or land; timing of 
emissions releases; stack heights; wind directions and speeds; and other factors. These data are 
used to estimate the geographic dispersion and deposition of the toxic releases. Researchers then 
use census or survey data to determine the demographic characteristics of affected human 
populations. I follow a similar methodology in my assessment of pollution dispersion across the 
U.S. from 1987 to 2017.  
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Mapping Toxic Emissions using the Toxic Release Inventory (TRI) 
I was interested in whether toxic pollution was (still) concentrated in the south based on 
my own indicator of environmental risk: industrial releases recorded by the EPA TRI. Rather 
than relying on different data sources and methods, I am using the TRI, a standard measure of 
environmental risk, to investigate whether the south was and still is our national sacrifice zone. 
To conduct a nationwide longitudinal analysis, I selected active TRI sites across the U.S. as an 
indicator of environmental risk.  
The TRI program was established by Congress in 1986 as part of the Emergency 
Planning and Community Right-to-Know Act (EPCRA). It requires manufacturing facilities with 
more than ten employees to report accidental and permitted releases of hundreds of chemicals 
into the air, water or land. The TRI records the number of pounds of specified toxins released 
into the environment each year by industrial facilities that fall into one of seven industrial 
categories: manufacturing, metal mining, coal mining, electric generating facilities that combust 
coal or oil, chemical wholesale distributors, petroleum terminals, and bulk storage. TRI facilities 
employ ten or more full-time workers, and manufacture, process, or otherwise use the specified 
chemicals in specified quantities.  
The TRI has been used in a number of quantitative environmental studies: Burke 1993; 
Perlin et al. 1995; Glickman and Hersh 1995; Chakraborty and Armstrong 1997; Ringquist 1997; 
Brooks and Sethi 1997; Daniels and Friedman 1999; Sadd et al. 1999; Szasz and Meuser 2000; 
Bouwes, Hassur, and Shapiro 2001; Mennis 2002a, 2002b. The results of this research suggest  
that, whatever the mediating role of class and other socio-economic factors, there is clear racial 
inequity in the distribution of TRI facilities and toxic emissions, both nationally and in select 
areas throughout the United States. “Unfortunately, a universal and recognizable pattern of the 
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interaction of race with other explanatory factors of toxic releases remains elusive. Perhaps the 
most important conclusion that may be drawn from these studies is that the relationships among 
race, class, employment, and land use with regard to environmental risk vary from place to place; 
that is, there is spatial nonstationary” (Mennis and Jordan 2005). The  spatial nonstationary of 
environmental risk justifies specific place-based environmental analysis. Each census tract, block 
group, county and city, and region has its own pattern of environmental quality and injustice.  
Drawing on Schnaiberg’s treadmill theory, ecological additions (toxic waste and other 
forms of pollution) are among the expected negative outcomes of industrial production. As 
production increases, the treadmill imposes more and more ecological additions on the 
environment. For example, increased production at a lead smelter or chemical plant would 
dispose more waste into the land, air and/or water. The surrounding environment would be 
compromised and perhaps forever altered by these unnatural additions to its ecosystem. The TRI 
includes emissions data on over 650 toxic pollutants, making it a reasonable indicator of 
ecological additions (Long et al. 2018). 
The TRI does have several limitations. The EPA relies on facilities to self-report 
emissions, which may result in an underestimation of actual releases.  Smaller operations and 
certain industries are not required to report to the EPA. The TRI does not evaluate the toxicity of 
the chemicals it reports, though all have been determined to be toxic in some way. The quality of 
TRI data is unknown because the EPA uses most of its limited resources to identify non- 
reporters rather than verifying existing data. The EPA itself acknowledges that thousands of 
facilities are not meeting reporting requirements primarily because many smaller sites are 
unaware of the requirements. Additionally, the TRI does not record all toxic releases, but is 
limited to the list of chemicals established by the EPA for reporting purposes (Daniels and 
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Friedman 1999). The 650 chemicals monitored by the EPA also do not include pollutants from 
new forms of production such as nanotechnology (Gould 2015).  
Despite these limitations, the TRI is used in a wide variety of ecological analysis 
(Mitchell et al. 1999; Bui et al. 2003; Velagapudi et al. 2017; Hanchette et al. 2018). The TRI 
remains the most consistent and comprehensive source of information on toxic emissions and a 
reliable indicator of environmental disorganization (Long et al. 2018; Daniels and Friedman 
1999). Industrial facilities that meet TRI reporting requirements must submit their data to the 
EPA each year. The TRI program collects this data and turns them into publically available Basic 
Data Files. The Basic Data Files include information on the locations of facilities as well as the 
quantities of toxic chemicals released into the environment; this includes land, water and air 
pollution. I wanted to track the progression of TRI emissions over a long period of time. For 
1987 (the first year the TRI became available), 1997, 2007 and 2017, facility points were 
georeferenced and entered into a geographic information system (GIS). GIS applications were 
also used to map the total releases for each TRI facility, U.S. county, and U.S. region. 
 
Socio-demographic Data 
Socio-demographic data were obtained from the U.S. Census Bureau and year- 
appropriate Summary Files from the (NHGIS) (Manson et al. 2018). I collected county-level 
census data in order to have a consistent geographic unit across all years (U.S. Census Bureau 
1990; 2000; 2010; 2016). I examined socio-demographic variables that were used in many prior 
environmental justice studies to assess demographic disparities in the distribution of toxic 
hazards and LULUS (Mohai and Saha 2006). Controls used in the models include percent urban 
population, percent manufacturing and percent vacant housing. These variables provide insight 
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into neighborhood investment, shifts in land use patterns, and housing quality and demand (Saha 
and Mohai 2005).  
The factors hypothesized to account for the disparities in the distribution of 
environmental hazards tend to fall into two broad categories: racial/ethnic and socio-economic. 
Racial/ethnic variables are relevant because both government and industry tend to target 
communities of color as “paths of least resistance” for siting LULUs. Even if there is no 
evidence of intentional environmental racism, toxic hazards are often concentrated amongst non-
whites who also lack the economic and socio-political power to fight such incursions (Bullard 
and Wright 1987). The racial/ethnic variables are percent Black, percent Native American, 
percent Latino, and percent Asian. Socio-economic factors include the desire to minimize 
production costs by siting facilities amongst areas with the most affordable land values and 
operation costs (Daniels and Friedman 1999). Other socio-economic factors incorporate 
inequalities in social and political power among communities. Communities lacking resources to 
mobilize and less access to decision makers have a harder time effectively lobbying to keep out 
unwanted land uses (Cole and Foster 2001). Percent living in poverty, mean family income, 
percent blue-collar workers, and median home values are used as summary measures of socio-
economic status. Although used in prior studies (Mohai and Saha 2015), the variable ‘percent 
college-educated’ was removed from models due to multicollinearity problems. See Appendix I 
for a more detailed description of Census Variable Definitions. 
 
Spatial Analysis 
Scholars use various methods to analyze and visualize spatial patterns in the distribution 
of environmental hazards. Geographic information systems (GIS) have been one of the primary 
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tools that environmental justice scholars use to quantitatively measure environmental equity and 
vulnerability. GIS provides many methodological benefits. It allows for (1) the integration of 
different data sources that are necessary for spatial analysis, such as the locations of hazardous 
sites (e.g., TRI facilities, landfills and Superfund sites etc.), and population characteristics (e.g., 
race, income, age etc.); (2) the application of spatial analytic techniques; (3) the potential 
integration of spatial models of potential exposure, such as plume dispersion models; and (4) the 
visual representation of complex data, normally in cartographic format (Sheppard et al. 1999).  
Before running statistical tests, it was necessary to determine whether spatial 
autocorrelation existed within the data. When spatial autocorrelation is present, the assumption 
that observations are independent from one another is violated, rendering statistical tests 
unreliable (Anselin 1988). Measures of spatial autocorrelation were calculated to determine 
whether there is a significant geographic concentration of counties with high levels of exposure 
to toxic emissions. Spatial autocorrelation, also referred to as spatial dependency, occurs when 
the distribution of the values of georeferenced observations is not spatially random; rather, 
observations located near one another tend to have similar (or particularly dissimilar) values 
(Mennis and Jordan 2005). Spatial autocorrelation measures the degree to which pollution levels 
in one county are similar to levels in neighboring counties and can provide insight as to whether 
some regional or local factors may impact spatial patterns of pollution.  
One way that space is incorporated into social science research is through the 
phenomenon of spatial clustering, or the pattern of related things being found in proximity to one 
another. Spatial clustering allows you to visualize the similarity or dissimilarity of neighboring 
spaces. When we refer to clusters, we are typically calling attention to spaces in which there is a 
larger than expected concentration of some characteristics; pollution, incidence of cancer, police 
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arrests etc. The Local Indicators of Spatial Association (LISA), estimated using the spatial data 
package GeoDa 1.12.1, was used to identify statistically significant spatial clustering of toxic 
releases (Anselin 1995). Both the TRI and census data were uploaded into a geographic 
information system (GIS) for integration, analysis and visualization purposes. Spatial clusters of 
toxic releases were then overlaid onto maps of the U.S. census regions. The four U.S. census 
regions are outlined in a thicker black line: Northeast, Midwest, South, West, as indicated by 
Figure 1. Map of United States Census Regions.  
Figure 1. Map of United States Census Regions 
 
Spatial clustering allows researchers to see the similarity or dissimilarity of toxicity in 
neighboring communities. Another geospatial mapping tool, spatial autocorrelation, measures the 
strength of the spatial clustering. Spatial clustering has many potential advantages for 
environmental justice research. First, it helps locate similar and dissimilar environmental spaces 
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and their influence on rates of pollution. Second, it potentially allows researchers to identify the 
political, social and economic factors that contribute to spatial similarity or dissimilarity. Third, 
it helps design local environmental policy that effectively reflects the unique social and 
environmental realities of a community to help address the problem of environmental inequality. 
National or regional level policy can fail to account for the nuanced differences between counties 
and communities that spatial clustering data can provide (Amarasinghe et al. 2005). 
High cluster counties represent spaces that are the most exposed to toxic releases. These 
environmentally burdened communities are often surrounded by other toxic sites such as landfills 
and incinerators that emit high levels of hazardous waste. Residents living in high cluster 
counties may be exposed to disproportionate levels of pollution in the air or water, negatively 
impacting their environmental health and safety. A set of spatial regression models are used to 
determine the effects of county characteristics on the distribution of toxic releases. Spatial 
regression is chosen as the method of analysis due to the significant degree of spatial 
autocorrelation that exists in the dependent variable. After conducting ordinary least squares 
(OLS) modeling, a Lagrange Multiplier test returned a series of coefficients identifying the 
existence and type of spatial process present in each of the regression models specified. For all 
models, the dominant spatial process identified was the spatial lag. Based on those results, each 
regression model was respecified in order to introduce the appropriate spatial weight into the 
equation (Anselin 1995, 2003; Porter et al. 2014). 
 
Statistical Analysis 
For descriptive analyses, the EPA’s TRI data was used to more closely analyze the nature 
of environmental burdening in each region. For each year of the study, the percentage of total 
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releases in high cluster counties are analyzed by region. By comparing each region’s relative 
environmental burdening, I assessed which area of the U.S. was disproportionately burdened by 
industrial waste each year and whether the relationship between place and waste had evolved 
over time. Furthermore, this study measures the top polluting industries operating in the U.S. and 
the percentage of total releases they accounted for in each year of the study. This data will 
determine whether the types of polluting industries (Chemical production, hazardous waste 
management, metal mining etc.) have changed since the early days of the environmental justice 
movement. This study also looks specifically at which states are hosting the top polluting 
facilities and industries. A more detailed analysis of not only which region(s), but which states 
are most contributing to toxic releases will provide the background for a more nuanced 
discussion of environmental and economic policy at the state and local level.  
Multivariate statistical analyses (spatial regression) were also used to determine whether 
being in the south, as well as the included racial and socio-demographic variables, could 
independently predict exposure to toxic releases in the U.S. The multivariate analyses helped 
determine 1) whether the south was disproportionately exposed to industrial waste, 2) whether 
racial characteristics are stronger predictors than socio-economic conditions, and 3) whether 
observed socio-spatial patterns are consistent over time (1987, 1997, 2007, 2017). In the 
regressions, U.S. counties were the unit of analyses. The south’s relative environmental 
burdening is measured as a proportion of toxic releases in high clusters within the southern U.S.  
A dummy variable reflecting each county’s regional location was developed. Counties that are 
located within the south (according to the U.S. Census Bureau) were classified as being 
“southern” (=1). Counties in all other regions (northeast, midwest, and west) were labeled “not-
southern” (=0). The purpose of the “southern county” dummy variable is to analyze whether 
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being a part of the south has been a statistically significant indicator of exposure to toxic 
releases. 
 The purpose of the spatial and statistical analyses is to determine whether the patterns 
found in the descriptive analyses are statistically significant and to determine which variables 
best predict exposure to toxic releases in the U.S. These methods will effectively address the 
study’s research questions:  
1. Is the south (still) America’s environmental “sacrifice zone”?  
a. If not, what other region(s) have been disproportionately burdened by toxic 
pollution? 
2. Has the relationship between race/socio-economic status and toxic exposure changed 
over time?  























CHAPTER FOUR: Results 
 Overall results showed that throughout United States history, we were certainly Dumping 
in Dixie, but also wasting the west. Both regions contained about half of the nation’s industrial 
waste in the 1980s and 1990s. However, after 1997, total releases increasingly concentrated in 
the West. While the proportion of toxic emissions in the south decreased from 1987 to 2017, they 
increased significantly in the western part of the country. A closer look at exactly which states 
are top polluters confirms that the west has displaced the south as top contributor to industrial 
pollution, particularly the state of Nevada. The evolving environmental landscape has been 
accompanied by major shifts in social and economic conditions within these regions. While the 
chemical industry was our nation’s top polluter in the 1980s and 1990s, metal mining has 
emerged as the top polluting industry in the US since 2007 accounting for over half of the total 
industrial releases in the country.  
 Multivariate analysis confirmed that as the spatial distribution of toxic releases has 
shifted from the South, so has environmental burdening away from Black and Latino 
communities in the South toward Native Americans and Asians in the West. Being a part of the 
south was only a positive indicator of exposure to toxic releases in 1987. In 2017 I found that the 
effect of being in the south was actually a significant and negative predictor of toxic exposure. 
These results are elaborated below.  
Descriptive Statistics 
Table 1. Top Environmental Polluters by State & Region in the U.S., selected years (percentage of 
total releases in parentheses) 
 Year 1987 Year 1997 Year 2007 Year 2017 
1 California (46%) West Massachusetts (19%) Northeast Alaska (36%) West Nevada (63%) West 
2 Texas (19%) South Louisiana (18%) South Nevada (12%) West Idaho (6%) West 
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3 Louisiana (15%) South Utah (12%) West Utah (11%) West Montana (5%) West 
4 Alabama (4%) South Texas (7%) South Arizona (5%) West Washington (4%) West 
5 Georgia (3%) South Arizona (7%) West Idaho (4%) West Alabama (4%) South 
 Source: EPA Toxic Release Inventory  
 
 Table 1, Top Environmental Polluters by State & Region in the U.S., lists the top 
environmental polluters by state and region in the U.S. based on the selected years of this study. 
This data reflects the total pounds of toxic emissions released in each state. In 1987, the state of 
California contained almost half of total toxic emissions in the entire nation (46%). California 
was the only state in the West to be listed as a top polluter in 1987. The preceding four states 
Texas (19%), Louisiana (15%), Alabama (4%), and Georgia (3%), were all located in the South.  
 The Northeast had its highest recorded rate of toxic releases in 1997. Particularly the state 
of Massachusetts hosted the highest percentage of toxic emissions at 19%. Southern and Western 
states would dominate the rest of the list of top polluters in 1997. Louisiana was not far behind 
Massachusetts as a top polluting state, contributing to 18% of emissions. Utah was the next 
leading emitter emitting 12% of releases, followed by Texas and Arizona, who both contributed 
7% of total emissions in 1997.  
 In 2007, each of the top five polluting states were located in the West with Alaska 
dominating the list. Thirty-six percent of total releases were concentrated in the state of Alaska 
during this time, followed by Nevada (12%), Utah (11%), Arizona (5%), and Idaho (4%). In the 
last year of this study, Nevada is again atop the list of top polluting states in the nation; this time 
emerging at number one containing 36% of emissions, by far the most on the list. The next 
polluting states are Idaho, Montana, and Washington, contributing 6%, 5% and 4% respectively.  
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Alabama was the only Southern state on the list of top five polluters in 2017, adding 4% of total 
emissions in that year.  
 The number of southern states amongst the top environmental polluters has been 
decreasing. The only western state that appeared as a top polluter in 1987 was California and all 
of those emissions are attributed to a single facility, IMC Chemicals, Inc. Similarly, the one 
facility in Massachusetts responsible for 19% of all emissions in 1997 was also an outlier. 
Overall the west and south have dominated the top polluting states and regions in the U.S. from 
1987 to 2017. Nevada’s emergence as a top polluting state in 2017 is certainly a significant 
development. Nevada was not amongst the top five polluting states until 2007. Now, over half of 
toxic emissions come from that one state (63%).  
 
Table 2. Top Polluting Industries in the U.S., selected years (percentage of total releases in 
parentheses) 
 Year 1987 Year 1997 Year 2007 Year 2017 
1 Other (48.7%) Chemicals (37.8%) Metal Mining (68.5%) Metal Mining (71.4%) 
2 Chemicals (25.9%) Primary Metals (31.6%) Electric Utilities (11.7%) Chemicals (5%) 
3 Paper (11.8%) Electrical Equipment (17.2%) Primary Metals (9.8%) Food (4.9%) 
4 Primary Metals (8.8%) Paper (3.8%) Chemicals (4.8%) Electric Utilities (4.7%) 
5 Petroleum (3.8%) Metal Mining (3.3%) Hazardous Waste (2.5%) Hazardous Waste (4.6%) 
Source: EPA Toxic Release Inventory 
 
Table 2. Top Polluting Industries in the U.S provides more detail on which specific 
industries have most contributed to total emissions in the U.S. in the selected years of this study. 
This data is also based on the total releases for each industry. Each industry’s categorization is 
based on the North American Industry Classification System (NAICS). In 1987 the top polluting 
industry was listed as “Other.” However, upon closer investigation I found that this particular 
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firm, IMC Chemicals Inc., was a borax mining company located in San Bernardino, California. 
IMC Chemicals emitted over 5 million pounds of toxic releases in 1987, earning its title as the 
top polluter that year. The other top polluting industries were chemical manufacturing (25.9%), 
paper manufacturing (11.8%), primary metal manufacturing (8.8%), and petroleum and coal 
product manufacturing (3.8%).  
  Chemical manufacturing is at the top of the list of polluters again in 1997, contributing to 
37.8% of total releases. Primary metal manufacturing was another top polluter as well in 1997 
(31.6%). Electrical equipment manufacturing appears on the list of top polluters for the first time 
this year at 17.2% of emissions. Rounding out the bottom of the list are paper manufacturing 
(3.8%) and metal mining, which makes its first appearance as a top polluter emitting 3.3% of 
pollution in 1997.  
 In both 2007 and 2017, the metal mining industry dominates the list of top polluting 
industries in the U.S. In 2007 metal mining was responsible for a whopping 68.5% of total 
emissions in the nation; that percentage increased to 71.4% in 2017. No other industry even 
comes close to contributing as much waste as the metal mining industry in the last two years of 
this study. In 2007 the next top polluting industry was electrical utilities contributing to 11.7% of 
pollution followed by primary metal manufacturing (9.8%), chemical manufacturing (4.8%), and 
hazardous waste management (2.5%). In the final year of this study, the metal mining industry 
has displaced chemical manufacturing as the nation’s top polluting industry. Chemicals only 
account for 5% of total toxic releases in 2017. Food manufacturing (4.9%), electrical utilities 
(4.7%), and hazardous waste management (4.6%) are the remaining top polluters on the list, 
contributing comparably very little to the total rate of emissions.  
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 The metal mining industry’s emerged as a top polluter along with the State of Nevada. 
Metal mining emerges as a top polluting industry in 2007, just as Nevada did. And like Nevada, 
the metal mining industry now accounts for the vast majority of toxic emissions. The relationship 
between place and waste cannot be ignored. The treadmill’s expansion into the west has 
coincided with its evolution into mineral mining as a form of capitalist production.  
 
Spatial Regression Results 
 To perform the spatial regression, first, emissions data from the 1987 EPA TRI were 
georeferenced onto a map of U.S. counties using the application QGIS. Statistically significant 
high clusters of toxic releases were then identified using the application GeoDa. Figure 2 shows 
a map of high cluster counties in the U.S. based on 1987 TRI data. Figure 2 also includes data on 
the percentage of high cluster counties in each region. 
Table 3. Pounds of Toxic Releases in High Cluster Counties by U.S. Region presents the 
percentage of total releases in high cluster counties in 1987, 1997, 2007 and 2017. The 
distribution of toxic releases, which is presented by region, is far from random as the patterns of 
environmental inequality vary substantially each year with the west and south standing out as 
environmental sacrifice zones. The northeast and midwestern regions contained comparatively 
low proportions of toxic releases.  
Table 3. Pounds of Toxic Releases in High Cluster Counties by U.S. Region (percentages in 
parentheses) 

















South 5,345,395,354 412,880,080 244,355,689 62,278,986 
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11,461,317,955 897,574,013 1,636,143,965 572,295,806 
 
An estimated 11,461,317,955 pounds of toxic waste were emitted in 1987. About half 
(47%) of the total releases in high cluster counties were concentrated in the south; the other half 
(52%) were located in the west. Again in 1997, almost half (46%) of the 897,574,013 pounds of 
toxic waste in high cluster counties were in southern states. This was the only year that the south 
led the nation in the highest percentage of total releases in high cluster counties. After 1997, the 
west displaced the south as the most polluted region. The west was actually the region with the 
most high cluster counties in every other year of this study--1987, 2007, and 2017. The 
percentage of high cluster counties located in the west increased from 52% in 1987, to 72% in 
2007, reaching as high as 83% in 2017. 
It is important to note that total releases throughout the United States has decreased 
significantly from 11,461,317,955 pounds in 1987 to 572,295,806 in 2017. It remains to be seen 
whether this decline in total emissions an indication of more sustainable production practices. 
Total releases does not account for the impact of accumulated waste and toxins in each region. 
Furthermore, the quality of emissions is not explored within this particular study. The type of 
toxic waste being emitted in 2017 may be more dangerous though the volume is less.  
A set of regional maps presented in Figure 2 further illustrates this spatial pattern. The 
statistically significant global Moran’s I (.3874 in 1987; .4985 in 1997; .4555 in 2007; and .5810 
in 2017) confirms a positive correlation between each county and their immediate contiguous 
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counties rates of toxic releases. Figure 2 shows the spatial clustering of toxic releases overlaid on 
maps of the U.S. In each year, the high cluster counties are shaded black.  
 
Figure 2a. 1987  
 










Total (pounds) 11,461,317,955 
(100%)  
 
Figure 2b. 1997 
 





















Figure 2c. 2007 
 
 
























Figure 2d. 2017 
 























Year 1987 Year 1997 Year 2007 Year 2017 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
Southern   
   county 
46150.60**   
(14253.50) 
27171.20    
(16644.10) 




















% Black --- 1138.02*    
(578.14) 












30.83    
(38.38) 
% Latino --- 1348.23*    
(680.18) 
1282.54   
(752.31) 
























--- 182.42  
(165.08) 
474.20*   
(205.32) 
% Native   
   American 
--- 1385.70 
(1006.73) 
1686.39   
(1108.97) 
--- 209.74**    
(74.31) 
210.66**    
(81.32) 
--- 2235.66***   
(241.10) 
2552.03***   
(258.87) 




% Living in   
   poverty 
--- --- -1934.68
(1661.97) 




--- --- 173.24  
(88.72) 
Mean income --- --- -5.32** 
(2.03)
--- --- 0.164* 
(0.082) 




% Blue-collar  
   workers 
--- --- 25.58 
(1274.88) 
--- --- 234.80  
(288.26) 





   value  








Spatial lag  

























Akaike info  
   criterion 
89647.70 89646.60 89647.20 73663.30 73662.90 73666.60 81357.20 81281.20 81239.60 72442.10 72444.10 72372.60 
R2 .288 .289 .290 .458 .459 .460 .376 .386 .390 .546 .546 .547 
Note: Standard errors in parentheses.  
* p < .05   ** p < .01 *** p < .001 
Variable changes to % Vacant housing in Year 20171
71 
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Since spatial clustering of toxic releases was found to be significant as indicated by the 
Global Moran’s I statistics, the explanatory phases of the analysis must identify the correct 
spatial autoregressive model. Table 4. Standardized Spatial Regression Results for the Mean 
Toxic Releases per County in the United States presents a set of autoregressive regression 
models to trace patterns of environmental burdening to the possible mechanisms outlined above. 
Models 1-3 displays results for the year 1987. The control variables are introduced in Model 1 
and provide some expected and unexpected findings. A county’s urban population, as a 
percentage of the total population, did not significantly impact exposure to toxic releases. The 
percentage of manufacturing production per county had a significant, but inverse relationship 
with mean toxic releases. A dummy variable representing whether a county was located within 
the southern region was also introduced in Model 1. For TRI sites in 1987 southern counties 
were a statistically significant predictor of toxic releases using the 1990 census.  
Variables accounting for environmental racism are introduced in Model 2. The results 
indicate that as the percent Black in a community increased so did exposure to toxic releases and 
the coefficient is significant. Percent Latino was also significant and positive. These findings are 
net of all controls and suggest that environmental burdening was directly related to the racial 
composition of the larger population during this time period. However, southern counties obtain 
nonsignificant findings after the introduction of the race variables in Model 2.  
Model 3 introduces the socio-political factors in relation to the racial/ethnic variables. 
When socio-economic variables were added to the model, racial variables became 
nonsignificant. These results indicate that the racial disparities in exposure to toxic releases may 
have been a reflection of socio-economic conditions of racial groups or interactions among these 
factors. These findings are not uncommon. People often question whether environmental racism 
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is a function of poverty. That is, rather than race per say, environmental burdening is a result of 
economic inequality. Poor people lack the economic resources to move out of polluted 
communities. Land values in poor neighborhoods also tend to be lower, attracting polluting 
industries. Housing discrimination and residential segregation further restrict the options of 
people of color. Polluting facilities often seek these communities with little political or economic 
power as paths of least resistance. These communities have large populations of residents are 
unorganized and lack resources (such as time, money, contacts and knowledge of the political 
system) for taking political action (Mohai and Bryant 1992). These factors combine to produce 
an intersection of environmental racism and classism that is difficult to parse out. Previous 
researchers have found that both race and class are both significant predictors of environmental 
burdening (Mohai and Bryant 1992; Greenberg 1993; Goldman and Fitton 1994; Adeola 1994; 
Hamilton 1995; Krieg 1995; Mohai 1996; Goetz and Kemlage 1996; Crawford 1996; Boer et al. 
1997; Szasz and Meuser 2000; Stretsky and Hogan 1998; Strestsky and Lynch 2002; Sadd et al. 
1999; Pastor, Sadd and Hipp 2001; Pastor et al. 2004a, 2004b; Mennis and Jordan 2005; Downey 
1998, 2005, 2006; Ash and Fetter 2004; Saha and Mohai 2005; Mohai and Saha 2006, 2007, 
2015). As environmental justice research has grown more complex and sophisticated, not all 
studies or all researchers fall neatly in either category. The debate over whether race or class is 
the stronger predictor of environmental burdening is limiting. This type of analysis does not 
provide information about how risks are shaped by exposures to multiple toxins on varying 
levels of toxicity (Taylor 2014).  
For facilities cited in 1997 (Model 4), being a part of the southern region was not a 
statistically significant predictor of toxic releases. Model 5 introduces the race/ethnicity variables 
for this year based on 2000 census data. Percent Black, percent Latino and percent Asian were 
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not statistically significant. However, the results show that as the percentage of Native 
Americans increased, so did TRI releases. Percent Native American remains significant and 
positive even after socio-economic variables are introduced in Model 6. These results provide 
strong support for racial discrimination against indigenous groups. Native American resistance 
movements have recently been quite present in mainstream media, particularly the struggle over 
siting the Dakota Access Pipeline and the Thirty Meter Telescope in Hawaii. There was mixed 
evidence of socio-economic discrimination. None of the socio-economic variables were 
significant except mean income in the unexpected direction. Southern counties remained 
nonsignificant predictors of toxic releases during this time period.  
When examining the results for TRI facilities sited in 2007, the results indicate that the 
south was not disproportionately burdened by exposure to toxic releases using the 2010 census 
(Model 7). Southern counties remained nonsignificant as racial/ethnic variables were added in 
Model 8. Again, percent Black, percent Latino and percent Asian were not statistically 
significant, but percent Native American was. Models 8 and 9 provide strong evidence of 
environmental racism as the Native American population maintained a significant and positive 
relationship with pollution even after accounting for the socio-economic variables. There was 
mixed evidence of environmental inequality based on socio-economic conditions in 2007. Living 
in poverty was found to be a significant predictor in the unexpected direction. However, the 
percentage of blue-collar workers was found to significantly increase exposure to pollution 
(Model 9).  
Models 10-12 report the standardized coefficients for 2017 using 2012-2016 census data. 
The effect of being in the south was a significant and negative predictor of toxic exposure during 
this time period (Model 10). In other words, southern counties were statistically significant 
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predictors of environmental privilege in 2017. The introduction of racial/ethnic variables in 
Model 11 obtained nonsignificant results, but the south remained significant and negative. 
Percent Asian population becomes positive and significant in Model 12, while the socio-
economic factors are added. None of the socio-economic variables are found to be significant, 
but the southern counties remained significant and negative predictors of toxic releases (Model 
12).  
Analysis 
These changes reflect larger shifts in the global economy. Industries fled unions and 
environmental regulation in the northeast and Midwest, hence creating the Rust Belt. The influx 
of new industry to the south coincided with the increase in exposure to toxic emissions. 
Desperate for economic stimulation, southern states relaxed environmental and labor laws to 
attract toxic industries to the region (Bullard 1990). Deindustrialization brough the decline of 
domestic manufacturing and the rise of the service industry. Many toxic industries offshored 
operations to the Global South. While southern workers were left struggling to live on low wages 
with few benefits or security. This may account for the statistical environmental privilege in the 
south in 2017. 
I observed significant spatial clustering of toxic releases, particularly in the south and 
western regions of the U.S. The results of this study support the findings of Dr. Bullard (1990) 
and other scholars who helped shed light on the south’s disparate environmental burdening in the 
1980s and early 1990s. Many industries were in fact dumping in Dixie. However, the 
relationship between the south and toxic emissions evolved over time. After 1997, the west 
displaced the south as the nation’s most polluted region. The results of the regression analysis 
(Table 2) indicate that southern counties only had a statistically significant relationship with 
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toxic releases in 1987. There was no statistical significance in 1997 or 2007. In fact, in 2017, 
there was a significantly negative relationship between southern counties and mean toxic 
releases. The effect of being a southern county remained significant and negative even after all 
other hypothesized predictors of toxic exposure were included in the model for 2017.  
The finding that the west has always been a site of considerably high rates of pollution is 
consistent with prior studies that highlight the region’s status as a national sacrifice zone 
particularly for the federal government to dump industrial waste (Fox 2014) and testing nuclear 
weapons (Kuletz 1998; Hooks and Smith 2004). It is important to note that though we may not 
be dumping in Dixie southern communities still face considerable environmental risks. Oil and 
gas production (Colton 2012) as well as hydraulic fracking (Auyero et al. 2017) still infect the 
landscape with industrial waste and pollution. Many southern communities, particularly along 
the coasts, are especially vulnerable to the pressing challenges of climate change and extreme 
weather events (May 2018; 2019). Increased greenhouse gas emissions and fossil fuel extraction 
only exacerbate the problem by contributing to global warming. These atmospheric changes can 
intensify other environmental stressors (pollution, harvesting, habitat destruction, land and 
resource use, extreme natural events), which may lead to more significant consequences (Scavia 
et al. 2002). More research is needed about the unique environmental vulnerabilities of the 
American south. Again, the fact that we are no longer, “dumping in Dixie” does not necessarily 
mean that the south is no longer struggling for environmental justice.  
Spatial analysis can unearth important variations in statistical relationships relevant to 
environmental justice analysis (Mennis and Jordan 2005; Gilbert and Chakraborty 2011; 
Chakraborty 2012). These findings support previous quantitative studies that find that Blacks and 
Latinos to be disproportionately exposed to environmental hazards in the Rust Belt (Mohai and 
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Bryant 1992; Krieg 1995; Margai 2001; Faber and Krieg 2002; Mennis and Jordan 2005; 
Downey 2006). And the south (U.S. GAO 1983; Bullard 1983; Yandle and Burton 1996; 
Stretesky and Hogan 1998; Stretesky and Lynch 2002; Mitchell et al. 2005; Zahran et al 2008). 
Although evidence of environmental inequaity burdening Blacks Americans persists, Latinos, 
Asians, and Native Americans, which constitute a larger percentage of the population in the 
west, exhibited the most pronounced pattern of environmental racism in that region (Boer et al. 
1997; Neumann et al. 1998; Shaikh 1999; Bolin et al. 2000; Szasz and Meuser 2000; Morello-
Frosch et al. 2001; Lejano & Iseki 2001; Pastor et al. 2004a, 2004b, 2005, 2006; Hipp and Lakon 
2010;  
White privilege was measured as a quantitative advantage in several environmental 
justice studies. White census tracts, blocks and communities are generally less likely to live near 
toxic hazards or disproportionately experience exposure to toxic emissions. As white privilege 
allows some white residents to avoid exposure to environmental hazards by moving to the 
suburbs (Pulido 2000; Pollock and Vittas 1995; Stretesky and Lynch 1999; Sadd et al. 1999; 
Shaikh 1999; Szasz and Meuser 2000; Margai 2001; Stretesky and Lynch 2002; Faber and Krieg 
2002; Pastor et al. 2004a; 2006; Sicotte 2014 (with a few exceptions1,2,3,4). 
In another study of environmental inequality formation in Detroit, Downey (2005) finds 
that the existing environmental racism amongst Detroit’s Black population was not the result of 
racist siting practices or racial income inequality. Rather, the distribution was shaped, “by 
 
1 Once emissions were weighted by toxicity, Bolin et al. (2000) found strong evidence of disproportionate exposure 
among predominantly white, suburban populations that lived near high-technology firms in Arizona. 
2 Sicotte (2014) found that white, lower middle class urban communities in Philadelphia were among those at the 
highest risk for hazard burdening, and predominantly white, middle class inner-ring communities also faced more risk 
of exposure 
3 Downey (2006) found that median household income was significant and negatively associated with toxic siting in 
Detroit.  
4 In their longitudinal study of Superfund siting in Florida, Stretesky and Hogan (1998) found that higher 
income census tracts in Florida were more likely to contain a Superfund site. 
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residential segregation, which limited blacks' residential options to housing in or at the edges of 
already established black neighborhoods, thereby preventing them from being drawn 
disproportionately into manufacturing neighborhoods and corridors that lay far beyond the 
boundaries of Detroit's black ghetto” (1000). These findings support a critical aspect of 
environmental inequality formation in Rust Belt cities: spatial mismatch theory, which 
recognizes that residential segregation can separate people of color from socially undesirable 
goods. Spatial mismatch theory specifically highlights the differential impacts of post World 
War II deindustrialization on Black and white workers. Black workers relied on manufacturing 
employment more than white workers, so the large scale abandonment of America’s industrial 
core disproportionately harmed Black workers and their families. Racialized residential 
segregation prevented non-white families from leaving central cities, creating a spatial mismatch 
between the location of people of color and the location of manufacturing jobs (Darden et al. 
1987; Farley, Danziger, and Holzer 2000; Frey 1984, 1987; Ilhanfeldt and Sjoquist 1998; Kain 
1968; Kasarda 1995; Massey and Denton 1993; Mouw 2000; Sugrue 1996; Wilson 1987). 
Much of the narrative around environmental justice concerns African American 
communities. However, there is a distinct Asian American environmental discourse that requires 
its own attention and respect (Grineski et al. 2017). This study finds that percent Asian becomes 
a positive and significant predictor of environmental burdening in 2017. A recent study by 
Grineski et al. 2019 found that Asian communities in the west experience disparities in 
residential exposure to carcinogenic air pollutants. U.S metro areas with greater proportions of 
Asian Americans in census tracts, i.e., Honolulu, Los Angeles, San Francisco Bay Area, and 
Seattle are all associated with significantly greater health risk. These results contribute to a 
growing body of environmental justice research that examines the unique experiences of Asian 
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American communities (Sze 2004). This data also supports the fact that race and space are 
significant predictors of environmental burdening.  
Native American communities were also found to be particularly vulnerable to toxic 
pollution. The percentage of Native Americans in a county remained a statistically significant 
predictor of exposure to TRI releases in 1997 and 2007, even after accounting for all other 
variables in the study. The finding that Native American communities continue to suffer 
disproportionately from environmental burdens contributes to a growing literature about this 
often-overlooked social group (Ishiyama 2003; Hooks and Smith 2004; Clarke 2010; Endres 
2012; Johansen and Grinde 1995; LaDuke 2017; Lievanos 2019). The lands and lives of Native 
people have been rendered disposable by the scientific, industrial and military forces. Uranium 
mining and above-ground nuclear weapons testing has continued for years on or near Native 
reservations. Most of these environmental atrocities have occurred in the western region, where 
many Native people live. As a result, indigenous populations throughout the region have been 
particularly vulnerable to toxic exposure and have been the victims of some of the worst abuses 
caused by the military-industrial complex. Citizenship, indigeneity and spatial location intersect 
to create the unique environmental burdening of Native American communities.  
The socio-economic variables produced some compelling results. In 1987, as mean 
income increased, exposure to toxic releases decreased significantly. This would be expected. 
Higher income communities tend to have more resources and represent the paths of most 
resistance for polluting facilities. These communities could easily and effectively organize 
against the siting of a LULU.  After accounting for racial composition, toxic emissions were 
found to be positively associated with mean home value, but negatively associated with mean 
income in 1987. The relationship between toxic releases and mean income reversed in 1997 as 
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results indicated that higher income communities were more burdened by pollution. The data for 
2007 indicated that poverty is significantly and negatively related to toxic releases. I also find 
that percent blue collar workers are positively associated with toxic exposure in 1997. None of 
the socio-economic variables were significant in 2017. Low-income was positively associated 
with environmental burdening in several studies as well: Krieg 1995; Faber and Krieg 2002; 
Sicotte and Swanson 2002; Lejano & Iseki 2001; Hipp and Lakon 2010.  
These socio-economic results are consistent with prior environmental justice studies, 
which indicate that environmental burdening is a complex social phenomenon that does not 
impact all communities the same. For example, Diane Sicotte’s (2016) study of environmental 
inequality in the Philadelphia region indicated that middle class Black families successfully used 
their social class privilege to relocate themselves away from the city’s industrial core. Poor and 
working-class whites fought to remain close to the industries and cultural spaces that formulated 
their identity. Similarly, Hurley’s (1995) study of environmental inequality formation in Gary, 
Indiana showed how racial segregation actually shieled Black families from the worst of the 
city’s pollution. Whites relegated them to undesirable parts of the city that also happened to be 
far away from industrial pollution. These findings demonstrate how nuanced and complex 
environmental inequality formation can be. The unique ecosystems, racial dynamics and 
industries in each region shaped the type of environmental burdened people experienced in each 
space.   
The treadmill’s shift toward industrial production in the west was accompanied by a 
noticeable shift in the amount and type of industry emitting the most waste. The decrease in toxic 
emissions within the United States reflects the changes to the treadmill under globalization. 
Treadmill institutions are extremely resistant to reducing production from production facilities. 
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Instead of actually reducing emissions at existing domestic facilities, many producers have 
chosen to offshore their facilities to the Global South. “Thus, we in the United States have 
cleaner streams and rivers and some reductions of air pollution. But in return, ecological damage 
due to logging, mining, and agriculture has increased dramatically since 1980, both in the United 
States and in U.S.-investor locales overseas” (Gould et al. 2004). These changes are reflected in 
the data.  
While the proportion of toxic emissions in the south decreased from 1987 to 2017, they 
increased significantly in the west. A closer look at exactly which states are top polluters 
indicates that the west has displaced the south as top contributor to industrial pollution, 
particularly the state of Nevada where metal mining has emerged as the top polluting industry. It 
was the chemical industry that led the nation in emissions in the 1980s and 1990s. However, 
metal mining has emerged as the top polluting industry in the U.S. accounting for 68.5% of total 
releases in 2007 and 71.4% in 2017. The metal mining industry in Nevada is heavily invested in 
increasing the production of lithium in that region. 
Lithium is a chemical element used in a wide variety of production practices including 
the manufacture of heat-resistant glass products, ceramics, lubricants, and medical products. 
Lithium mining has increased dramatically in recent years due to the production of lithium-ion 
batteries used in electronics, particularly mobile phones, laptops and other electronic devices. 
The future demand for lithium is expected to increase rapidly as demand for hybrid and electric 
vehicles and environmentally sustainable products grows (Araoka et al. 2014). Most of the raw 
material used to make lithium-ion batteries currently comes from mines in Australia and South 
America (what is known as the “Lithium Triangle”: Argentia, Bolivia, Chile). The largest known 
lithium deposit in North America is in northern Nevada. The mine has been in operation since 
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1967 and is the only lithium carbonate producer in North America (Davis et al. 1986). Currently, 
most lithium carbonate is exported to Asia where it is processed into cathodes for batteries. 
Constructing lithium mines and manufacturing facilities in the U.S. is of great interest to both the 
state and private industry. Constructing these large facilities in the U.S. allows them to save 
money by manufacturing products domestically. 
 Nevada is currently at the center of this lithium revolution. In 2014, Nevada struck a deal 
with the American electric vehicle and clean energy company Tesla to construct a massive 
factory to construct lithium batteries near its car manufacturing facility in Reno. Nevada lured 
the company with a $1.25 billion in tax breaks over 20 years. Additionally, Tesla will pay no 
sales tax for 20 years, no property tax and payroll tax for 10 years, and it will receive other tax 
credits tied to job creation and development. Nevada will also grant Tesla discount electricity 
rates for eight years and make millions of dollars in road improvements around the factory site. 
The deal promises to double the region’s global capacity to make lithium-ion batteries. The so-
called “Gigafactory” would be 20 times as large as the biggest battery factory currently in 
production. Tesla has plans to prepare sites in other states as well including California, Arizona, 
New Mexico and Texas (Wald 2014). 
 One of the reasons Tesla chose Nevada as the site of its Gigafactory is the proximity to 
lithium mining. Northern Nevada, a few hundred miles north of the factory, is now being 
promoted by some as “Lithium Valley,” potentially playing an even more critical role in our 
country’s future than Silicon Valley did with high-technology. A Canadian mining company, 
LithiumAmericas has petitioned the federal government for the rights to mine lithium in the area 
known as “Thacker Pass” near the small town of Orovada, Nevada. LihiumAmericas claims they 
 83 
have the ability to supply the entire U.S. demand for lithium through 2068, and possibly even 
longer (Cain 2020).  
There are several economic and political reasons to develop more domestic sources of 
lithium. Conservative politicians have long advocated for U.S. energy independence with the 
goal of reducing the nation’s imports of petroleum and other foreign sources of energy. In 2019, 
roughly 75% of all lithium-ion batteries came from China. The U.S. trailed far behind 
contributing to less than 15% of global production. Conservative state leaders such as 
Republican Senator Lisa Murkowski of Alaska have been advocating for legislation to expand 
mining and drilling as a way to minimize foreign dependence on critical minerals. The desire for 
“mineral security” is aligned with similar campaigns for energy security and national security. 
Murkowski in particular has been a vocal proponent of this cause. She is quoted saying, “We 
need these materials for our own national security. So when you have to go to China for those 
lithium batteries… that vulnerability is an energy security issue for us, just as it was with oil” 
(Cain 2020). 
At the federal level, domestic lithium production seems poised to advance. In 2017, 
President Trump signed Executive Order 13817, which lists 35 minerals that are “critical to 
national security,” including lithium. Investing in these minerals will allegedly “pressure peace 
through strength” (Morris 2020). Lithium appears to be the mineral on the cutting edge of our 
collective political-economic and environmental future. As politicians and industry leaders tout 
the benefits of mineral independence, lithium is also presented as a form of green, sustainable 
technology that we can consume without fear of harming the environment. “A lithium particle 
travels often two or three times around the world before it ends up in your laptop, your 
smartphone, your car,” LithiumAmericas President Alexi Zawadski said. “That’s very 
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inefficient. That creates a lot of opportunity to reduce the carbon footprint between source and 
product (Cain 2020). Unlike oil and gas production or coal mining, lithium power allows us to 
continue into the digital age under the guise of sustainability.  
Lithium manufacturing evokes the image of efficient, high-tech products and materials. 
Like the global electronics industry, lithium mining enjoys relative obscurity and positivity in the 
minds of consumers. Most people do not know where their electronic devices come from or how 
they are made. They trade them in or throw them out without knowledge of the impacts of 
electronic waste. What people can tell you is how many megabytes of storage their cellphone has 
or how fast the processor is in their laptop. This sort of knowledge is the outcome of production 
science. Consumers are much more well-versed in the potential benefits of lithium-powered 
devices than the potential hazards. This is no coincidence. Capitalist institutions do not invest in 
impact science because the results could potentially curtail profit and economic development. As 
a result, the lithium industry presents a “clean” or “green” image that obscures the unsustainable 
reality of many of its production practices.  
In contrast to ore mining, we know less about the environmental impacts of evaporative 
lithium extraction. Lithium carbonate is produced by evaporating large salt lakes and washing 
deposits with sodium carbonate in large scale polyvinyl chloride (PVC)—lined shallow ponds.  
Lithium processing can cause changes in freshwater availability and water pollution with severe 
consequences for human health and biodiversity. For example, PVC barriers for the evaporation 
basins can leak chemical substances such as softeners into the environment contaminating the 
land and water. A study of PVC drinking water pipes revealed that various compounds pose 
severe threats to reproductive and functional human health. Chemical leakage may be worse for 
material involved in lithium extraction and not related to human consumption (Wanger 2011). 
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Lithium can also be mined from pegmatite ores. Processing spodumene, the main lithium 
carrier in magmatic rocks, is expensive and time consuming because the lithium-incorporating 
silicates must first be separated and then transformed into carbonate for further processing. Any 
type of ore mining and processing is bound to have environmental impacts such as physical land 
rearrangements (which can interfere with ground water carrying soil layers) and waste products 
(tail water from the mining sides often contain high concentrations of toxic materials). Examples 
include case studies from eastern Africa, where mismanaged gold mining has led to high 
concentrations of mercury in rivers threatening aquatic diversity and health of downstream 
communities. Mining workers in these communities also suffer serious negative health 
consequences from inhalation of siliceous dust and increased risk of contracting malaria (Wanger 
2011).  
This study demonstrated that these ambitious capitalist ventures which seek to improve 
the planet using technology and innovation, ultimately improve the economic status of those 
currently benefiting from the existing system. These surface‐level technocratic solutions, often 
funded by the same institutions that cause environmental problems, do not challenge the 
underlying systems creating ecological disorganization (Goldstein 2018). A closer look behind 
the “Silicon Curtain” reveals an unsustainable relationship between “clean” technologies and 
human life. After decades of supporting and even courting high tech development to Silicon 
Valley, the “postindustrial, post-smokestack” image was tainted by the industry’s toxic impact 
on the local environment. An investigation in the 1980s revealed that the Fairchild 
Semiconductor Corporation in Silicon Valley had been leaking 44,000 gallons of toxic waste 
from an underground storage tank into local residents’ drinking water. Residents living near 
electronics factories have discovered a disproportionate number of cancers, miscarriages, birth 
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defects, infant heart problems, and fatalities (Pellow and Park 2002). A similar process may 





In this study, I explored the spatial and demographic patterns of environmental burdening 
across the United States based on exposure to toxic emissions. Potential historical and 
contemporary factors related to racial/ethnic and socio-economic discrimination were identified 
in the literature. These factors were then analyzed in relation to regional variations in exposure to 
toxic pollution using a series of spatially centered analytic techniques. 
This study tells the story of industrial production and waste in the United States from the 
nation’s first industries along the Rust Belt, to coal mining and oil extraction in the south and 
high-tech manufacturing and lithium mining in the west. The treadmill of production is 
constantly in search of the latest form of technology, fueled by the nation’s natural resources. 
This historical and spatial trajectory has directly impacted the ecosystems that support these 
industries. Industrial waste and pollution has permanently impacted each physical and cultural 
landscape. The capitalist forces that propel the treadmill of production also require labor from 
human populations. Whether they are poor whites in Central Appalachia or Vietnamese women 
in Silicon Valley, the treadmill exploits human labor at great cost to their health and safety. 
People’s social and cultural ties to the land their ancestors lived and worked on have made 
environmental injustice a particularly insidious form of social inequality for certain communities, 
such as African Americans and Native Americans. In each region, industries made sure to 
exacerbate existing racial and ethnic differences. Racialized employment structures emerged in 
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each example in this study, with factors such as gender, citizenship, language, and ethnicity 
intersecting to increase the vulnerability of certain groups.  
I found out that the south was in fact America’s sacrifice zone, but so was the west. The 
results of this study support the findings of Dr. Bullard and other scholars who helped shed light 
on the south’s disparate environmental burdening in the 1980s and early 1990s. Many industries 
were in fact dumping in Dixie. However, the relationship between the south and toxic emissions 
evolved over time. After 1997, the west displaced the south as the nation’s most polluted region. 
The results of the regression analysis indicate that southern counties only had a positive 
statistically significant relationship with toxic releases in 1987. There was no statistical 
significance in 1997 or 2007. In fact, in 2017, the effect of being a southern county remained 
significant and negative even after all other hypothesized predictors of toxic exposure were 
included in the model for 2017.  
The relationship between place, race, socio-economic status and toxic exposure also 
changed over time. These findings broaden the scope of this important literature by highlighting 
how the historical shift in toxic releases away from the south directly impacted the social 
dynamics of environmental burdening in the U.S. Community vulnerability shifted as high 
clusters of toxic releases moved away from Black and Latino communities in the south toward 
Native American and Asian communities in the west. While Black and Latino communities were 
found to be significant indicators of exposure to toxic releases in 1987, the relationship between 
race and toxic exposure has evolved over time. Race variables lost their significance after 
accounting for socio-economic status in 1987 but remained significant for indigenous 
communities in 1997 and 2007. 
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Nevada’s Lithium Valley is the latest site of the treadmill’s expansion in the US. 
Northern Nevada is now being promoted as “Lithium Valley,” potentially playing an even more 
critical role in our country’s future than Silicon Valley did with high technology. There are 
political economic reasons to develop more domestic sources of lithium. Conservative politicians 
have long advocated for U.S. energy independence with the goal of reducing the nation’s imports 
of petroleum and other foreign sources of energy. In 2019, roughly 75% of all lithium-ion 
batteries came from China. The U.S. trailed far behind contributing to less than 15% of global 
production. Conservative state leaders such as Republican Senator Lisa Murkowski of Alaska 
have been advocating for legislation to expand mining and drilling as a way to minimize foreign 
dependence on critical minerals. The desire for “mineral security” is aligned with similar 
campaigns for energy security and national security. However, the excitement about Lithium 
Nevada and the potential of mineral security is not accompanied by precautionary skepticism 
about the impacts of these technologies and extraction processes on the environment or human 
health.  
These findings directly challenge the assumptions of ecological modernization 
(Spaargaren and Mol 1992). Ecological modernization is based on the premise that capitalism is 
flexible enough to transition to “sustainable” or “green” capitalism. In doing so, capitalist 
societies can use green technologies to address existing and future environmental challenges. In 
order for this transition to take place the theory encourages societies to undergo additional 
modernization and super-industrialization. Investment in green technologies such as hybrid cars 
and solar panels is a neoliberal and capitalist solution to environmental problems. These short-
term solutions may appear to curtail pollution but ultimately accelerates the treadmill of 
production and allows consumers to continue to their lifestyles under the guise of sustainability. 
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The true environmental impact of lithium mining is largely ignored by the state and industry. 
Lithium mining can cause significant impact the environment, biodiversity and human health 
(Wanger 2011).  Pellow and Park’s (2002) analysis of high-tech manufacturing in Silicon Valley 
reveals the reality of “clean” and “green” production. Patterns of environmental racism and 
injustice remain the same over time. Just as they have pulled back the “Silicon Curtain” to reveal 
the environmental racism and sexism in the high-tech industry, further research into the lithium 
industry could reveal similar patterns of injustice.  
There are inherently racial aspects of the treadmill’s operation. Whether it was the brown, 
low-tech economy of the south or the green, high-tech economy of the west, the treadmill of 
production is system of environmental disorganization as well as racial inequality and white 
supremacy. It places environmental burdens onto people of color while upholding structural 
racism. By nature, the treadmill exploits existing racial and ethnic divisions for the purpose of 
building wealth for white capitalist producers. White decision makers, workers, and residents all 
find themselves beneficiaries of environmental privilege due to their race. Environmental racism 
is inherent to the treadmill’s operation; it sacrifices bodies of color as a means of protections 
white bodies. Whites controlled production decisions across both space and time. Racial and 
ethnic minorities were consistently sacrificed in each region for acceleration of the treadmill of 
production. Workers of color were always forced to do the most dangerous, hazardous jobs. With 
few exceptions (Blacks in Gary, Indiana happened to live in a less-polluted segregated 
community), white residents protected from environmental hazards.  
 These findings also raise important questions about exactly how we are “wasting the 
west.” Future research should look into if/how Native American and Asian communities are 
responding to environmental burdening. It will be important to look more closely into the 
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burgeoning domestic lithium industry; the distribution of environmental burdens as well as 
benefits. It remains to be seen if the lithium industry will operate like its western counterparts in 
Silicon Valley, exploiting immigrant women while increasing salaries for top tier employees. 
Like the manufacture of semiconductors and microchips, nearby lithium factories may pose 
unforeseen health challenges to workers. Lithium Nevada is a rural, sparsely populated area 
where many things can go on undetected. Unlike environmental burdening amongst fence line 
communities, lithium mining may cause significant environmental damage without the 
surrounding community’s immediate knowledge. The environmental hazards to workers and 
surrounding communities remains to be seen.  
There are significant cultural implications for the aesthetic differences in industrial waste 
shifting away from the smokestacks that characterize low technology to the science labs and 
clean rooms where we manufacture circuit boards or smartphones. Unlike oil and gas production 
or coal mining, lithium power allows us to continue into the digital age under the guise of 
sustainability. We are less educated on the realities and dangers of high-tech manufacturing and 
lithium mining. Therefore, culturally our conception of pollution from these sources may need a 
different approach. The chemical industry with its smokestacks and oil spills once characterized 
the nation’s sacrifice zones. Now, metal mining has emerged as the nation’s top polluter. Our 
conception of environmental inequality must evolve as the treadmill of production evolves. And 
wherever the treadmill of production goes next, we must be aware of its tendencies toward 
environmental racism and sexism. Each new form of production introduced by the latest 
technologies should be scrutinized for its labor and production processes. The distribution of 
environmental burdens and privileges should be just and equitable. The ecological withdrawals 
and additions need to be truly sustainable, according to sound impact science.  
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The treadmill of production appears poised to accelerate into the 21st century with 
minerals such as lithium fueling the machine. While it may be impossible to reverse the 
historical impacts of environmental destruction, there is potential to prevent further damage by 
slowing the treadmill of production. The treadmill model suggests that controlling ecological 
disorganization requires controlling economic production. Schnaiberg (1980) argues that as 
production accelerates, ecological “additions” such as industrial pollution are expected to 
increase. If production were to be slowed, ecological additions would be expected to decrease as 
well. Inhibited economic development, also known as “economic degrowth” (Kallis 2011) has 
been found to have positive effects on the environment. In their study of the environmental 
impacts of the 2008-2009 Great Recession, Long et al. (2018) found that decreasing economic 
production during the 2008-2009 financial crisis also temporarily curtailed rates of pollution 
across the U.S.  
Unfortunately, there is a severe lack of impact science concerning lithium mineral 
extraction and use. Over the course of 40 years the industry’s research agenda has expanded and 
diversified, “but these are not necessarily inclusive enough to address the sustainability 
challenges stemming from increased technology adoption. In particular, the issue of lithium 
mining impacts on local communities needs to be urgently addressed” (Agusdinata et al. 2018). 
The structural bias toward production science undermines the potential utility of these 
technologies as a means of pursuing sustainable goals. Furthermore, the paucity of research and 
consumer education keeps the public unaware of the true social and environmental cost of 
industrial production and waste. A substantial investment in impact science would help create a 




The analysis here is limited in a number of aspects. I use mean toxic releases per county 
as the exposure indicator. Other environmental justice researchers have used distance from 
environmental hazards, also known as site proximity analysis as the exposure indicator (Mohai 
and Saha 2007). More recently, regression and dispersion modeling using GIS is being used to 
more accurately assess pollution exposure (Bowen 2002). However, this approach does have its 
limitations. Scholars acknowledge that the use of a non-specific surrogate measure for exposure 
may introduce considerable measurement error or confounding by correlating exposures. 
Furthermore, the amount of TRI emissions released is not an indicator of health risks posed by 
exposure to toxins. “Although TRI data generally cannot indicate the extent to which individuals 
may have been exposed to chemicals, TRI data can be used as a starting point to evaluate the 
potential for exposure and whether TRI chemical releases might pose risks to human health and 
the environment” (TRI Data Considerations, U.S. Environmental Protection Agency). Despite 
these shortcomings, they still find the use of GIS to map risk and exposure “useful for an initial 
assessment of a potential environmental health hazard” (Jarup 2004).  
The TRI data is drawn from cross- sectional “snap shots” of locations at specific periods 
of time (1987, 1997, 2007 and 2017). More information on the dynamics of local industrial 
practices and environmental policies would be required to provide more insight on the spatial 
movement of toxic releases between these time periods. For example, analyzing the shifts in 
industrial waste and pollution between 1987 and 1997 could illuminate the specific causes of the 
spatial shift in environmental burdening during this time. In depth analysis of individual year 
will provide better data on exactly which industries emerge at top polluters in specific years, 
providing a more detailed story of toxic additions to the environment. Further empirical studies 
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on the individual counties, states, and regions are also needed to address how TRI siting operate 
across time independent of, or interaction with, other factors linked to social change. Including 
qualitative data on the environmental laws and policies related to toxic siting would also be 
beneficial. Adding a socio-legal analysis of environmental inequality formation would contribute 
to the theory of social institutions as parts of the treadmill of production. As the economic 
interests of capital inevitably take over, states and institutions adopt policies that ultimately 
accelerate the treadmill of production (Schnaiberg et al. 2002; Gould et al. 2015). Lastly, this 
study relies on one single source of pollution as an indicator of toxic additions. Studies based on 
modeling of all facilities rather than modeling of TRI sites alone have been found to significantly 
alter the magnitude and spatial distribution of modeled air concentrations (Dolinoy and Miranda 
2004). Further empirical studies are needed that incorporate multiple sources of industrial 
pollution, not just the TRI.  
 The geographic scope of analysis is also limited to the domestic United States, excluding 
Puerto Rico, Guam, and the U.S. Virgin Islands. There was not consistent socio-demographic 
data available in these areas. I also chose to us county-level data in order to have a consistent 
geographic unit across all years. While smaller, more nuanced geographic units such as census 
tracks or blocks are also available, these spaces may change over time; U.S. counties are more 
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